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The high rate of urbanisation in South Africa (SA) has led to an increase in 
commercialisation of traditional medicine (“muthi”) with approximately 60% of South 
Africans using it in conjunction with modern medicine. This comes as traditional 
medicine is not considered inferior to western medicine but is viewed as 
supplementary. SA’s medicinal markets generate approximately 2.9 billion ZAR per 
annum, providing a fundamental source of income for traders. This, however, is 
suspected to come at the expense of the environment. Informal markets such as the 
Faraday Traditional Medicinal market trade in over 20,000 tons of plant material per 
annum accounting for 3,000 indigenous plant species being exploited. Specialised 
gatherers harvest these plants mostly from wild resources, which reach the market via 
a middleman. Faraday is the second-largest traditional medicinal market in the country 
with >400 traders as well as consumers searching for herbs, animal skins/derivatives 
and healing potions throughout the day.  Whole plants, roots and bulbs account for 
approximately 48% of the volume of plants sold. This results in noticeable levels of 
species depletion. Furthermore, adulteration of plants and morphological similarities 
or the lack thereof makes identifying samples on a taxonomic level challenging. In this 
study, DNA barcoding was implemented to rapidly identify bulbous and perennial 
plants traded at Faraday. Sixty samples were collected and sequenced for the matK 
barcoding regions. A list of species traded, including their conservation status, was 
compared against a known published checklist. Three identification methods were 
used namely, BLAST (Basic Local Alignment Search Tool), Tree-based and BRONX 
(Barcode Recognition Obtained with Nucleotide eXposés) permitting 93%, 71% and 
95% of the samples to be identified to species level respectively. Results from this 
study reveal a noticeable increase in the number of species traded with the majority 
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of sought-after species being of Least Concern. However, 8% of the species are at 
risk of extinction in the wild, posing serious conservation issues. 
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CHAPTER ONE: INTRODUCTION AND OBJECTIVES  




1.1 Traditional medicine: its history and regulation 
A visit to a traditional healer is often associated with some form of witchcraft or sorcery. 
Because of this, it is perceived as being taboo in many western countries. In the 
modern context, resolving ailments largely entails a visit to one’s nearest doctor and/or 
pharmacy where medication is prescribed and issued for diagnosed afflictions 
(Mander et al., 2008). However, before these, contemporary practices (traditional 
medicinal practices where local healers treated patients with a variety of herbs and 
animal extracts) were seen as the gold standard of healthcare (Mander et al., 2008; 
Nwachukwa et al., 2010). Traditional medicine can be defined as the summation of all 
knowledge, skills, beliefs and spiritual therapy practices for the treatment of physical 
or mental illnesses (World Health Organization, 2002). 
 
1.1.1. History and use in Africa 
African traditional medicine, locally known as “muthi” is thought to be the oldest and 
most varied of all healing practices (Gurib-Fakim, 2006). Unfortunately, it has been 
poorly documented and remain so to date. The knowledge and practices of traditional 
medicine were developed throughout the centuries via trial and error and vital 
remedies passed down verbally from one generation to the next (Nunkoo and 
Mahomoodally, 2012; Mahomoodally, 2013). Some of the oldest documented 
medicinal practices come from the ancient Egyptians (Gumede, 1990), and many of 
these are thought to have spread throughout Africa. They also played a part in the 
development of contemporary medicine. Although the principles of modern medicine 
as we know it was developed by the ancient Greeks, many of their drugs and surgical 
instruments are derived from Egyptian practices (Singer, 1928). Modern medicine was 
‘introduced’ to Africans during the colonial periods and quickly gained popularity – 




often leading to the repression of trust in traditional medicine (Zubane, 2001). 
However, access to western medicinal resources remains limited in Africa due to a 
lack of necessary infrastructure and accessibility to rural communities. Traditional 
medicine, therefore, remains a basic resource for curbing an assortment of health care 
issues for most Africans (Saner, 2009; Mankga et al., 2013).  
 
The World Health Organization (1976) has defined a system where modern 
biomedical healthcare co-exists with traditional medicinal practices as ‘medical 
pluralism’. According to Kleinman (1975), medical pluralism originates from a 
multitude of modern societies where there is different cohabiting, corresponding or 
conflicting medical systems developed from different cultures, practices, and 
traditions. Having different practices of traditional medicine coexisting is not limited to 
non-western culture (Unschuld, 1976). From the consumer’s point of view, the two 
medicinal systems are complementary. What is needed currently is a legal outline to 
help the two systems work together. Such a move aims to maintain the respected 
cultural heritage while at the same time assuring quality care for every individual 
(Meissner, 2009). 
 
That there is a clear difference between western and traditional medicine is not 
disputed. The former is often perceived as being cold and clinical as it only targets 
problematic organs whereas traditional medicine is seen as being more cultural and 
personal as it has a more holistic approach (Mander et al., 2008; Wojtasik, 2013). 
Traditional medicine that has been embraced by other populations separated by 
indigenous founders is titled Complementary Alternative Medicine (CAM) (World 
Health Organization, 2002; Mahomoodally, 2013). Whilst 90% of people in Ethiopia 




use herbal medicine as part of their basic healthcare, surveys conducted in most 
developed countries such as Canada and Germany indicate that at least 70% of the 
population have tried CAM at least once (Gurib-Fakim, 2006). 
 
Some scepticism towards the use of traditional medicine exists. Despite this, studies 
have shown an increase in its use since the 1990s. This trend is likely due to the high 
costs and negative side effects of certain western medicines (Van Vuuren et al., 2014). 
Over the past few years, developed countries have also seen an increase in the use 
of CAM, particularly herbal remedies (Chintamunnee and Mahomoodally, 2012). The 
trade of traditional medicine in South Africa (SA) is an expanding industry since it is 
not considered inferior to western medicine, but is viewed as an alternative to treating 
illnesses that western medicine does not treat sufficiently (Dold and Cocks, 2002; 
Mander et al., 2008). Interestingly, the World Health Organization (2002) encouraged 
African members to incorporate traditional medical practices in their health systems. 
In fact, Chapter 2 of the 1996 South African Bill of Rights guarantees the right to health 
care, culture, equal treatment for different cultural groups, and by implication, free 
choice of health care facilities (Meissner, 2009). SA has also taken steps towards 
recognising and institutionalising African traditional medicine, but it is yet to implement 
a proper mandate that includes traditional healing practices into the health care system 
(Department of Health, 2008).  
 
1.1.2 Government views and regulations  
South Africa, following the example of the World Health Organization, have engaged 
in strategies for achieving adequate health care that allows individuals to lead a 
socially and economically productive lifestyle (World Health Organization, 2001). 




Numerous evaluations approved by the World Health Assembly and the Regional 
Committee for Africa, between 1978 to 1999 have called upon the Member States to 
develop herbal pharmacopoeias and to advance and apply scientific techniques that 
ensure the safety and efficacy of medicinal plant products (World Health Organization, 
2000; Gurib-Fakim and Kasilo, 2010). However, too few of the plant species used as 
traditional medicine have been scientifically assessed for their safety, efficacy and 
phytochemical features. Without this information, it remains difficult for buyers from 
peripheral businesses to gauge the benefits of some raw materials and extracts that 
originate from Africa (Gurib-Fakim and Kasilo, 2010). 
 
Currently, the SA formal health care system is an unchallenged one, wherein only 
modern scientific medicine is acknowledged as legal. Only specialists with formal 
training who are registered by the state are licenced to function in the SA health care 
system. According to the existing legislation, any medical act not backed by a licence 
is prohibited and illegal, including traditional medicinal practices (Meissner, 2009; 
Department of Health, 2008). Whether legal or not, traditional healers practice 
extensively and are informally tolerated by authorities. The SA government has 
embraced a strategy of non-intervention, leaving traditional practitioners be and 
shifting its attention rather on making modern health care more available (Meissner, 
2009; Department of Health, 2008). The strife to implement modern medicine to all 
communities is met with tiers of challenges. A well-structured health care system must 
be made accessible to people from all economic ranks – with special attention being 
given to the middle to lower class whilst at the same time enhancing the excellence of 
services rendered. Effective health care must also meet the socio-cultural and 
psychological needs of people (World Health Organization, 2001; Department of 




Health, 2008). Unfortunately, western medicine has largely failed in addressing such 
needs. They are, however, met through consultation with a traditional healer. This 
means that a traditional health care system exists, lawfully or unlawfully, in almost all 
African countries, including SA. 
 
Since 2009, there has been an estimated 200,000 practicing traditional healers that 
consult with approximately 60% of South Africans that readily use traditional medicine 
(Van Wyk et al., 2009). This ‘informal economy’, trading in traditional medicine 
(Cunningham, 1993), contributes approximately 2.9 billion ZAR per annum to the 
national economy (Mander et al., 2008). Selling these natural products offers a much-
needed source of income to rural households (Wiersum and Shackleton, 2005) and 
allows them to become integrated into the economy. The increasing trade in traditional 
medicine is also influenced by financial hardship, trauma caused by unemployment 
and HIV/AIDS (Shackleton and Campbell, 2007). The majority of South Africans, 
therefore, turn to traditional medicine during times of hardship or lack of income. 
 
1.2 Traditional medicinal plants: from cultivation to trade  
1.2.1 Cultivation and harvesting problems 
Indigenous plants are the primary source of traditional herbal medicine and can be 
harvested from grasslands, forests, woodlands and thickets (Mander et al., 2008). 
Harvesting medicinal plants used to be the domain of trained traditional medicinal 
practitioners and collectors (Williams et al., 1997). They were well known for their 
herbalist skills and obeying strict customary practices that ensured the regrowth and 
conservation of harvested plants (Williams et al., 2000). In southern Africa, formal 
social restrictions and taboos on gathering medicinal plants, along with the equipment 




used for harvesting, all serve to limit overharvesting (Cunningham, 1993). For 
example, it is by tradition required for one to use digging sticks, wooden battens or 
small axes instead of machetes and large metal tools to limit the amount of plant 
material being gathered. Some of these formal restrictions also include the careful 
harvesting of certain plants such as Helichrysum cymosum (L.) D.Don (Figure 1.1 A-
C), a fragrant herb commonly known as ‘Mphepho’ in Zulu. While harvesting this plant, 
one must be careful not to rip out the roots. Plants such as Alepidea amatymbica Eckl. 
& Zeyh. and Agapanthus africanus (L.) Hoffmanns. are restricted to seasonal 
collections as per tradition (Cunningham, 1993). Trained traditional medicinal 
practitioners understand that the regulation of traditional medicinal plants (TMPs) has 













Figure 1.1: (A) Helichrysum cymosum (L.) D.Don plant with (B) immature inflorescence and 








1.2.2 Impact of commercialisation 
Unfortunately, the commercialisation of medicinal plants has led to an increase in over 
harvesting largely because of exponential population growth, the cultural value of 
traditional medicines and SA’s rapid urbanisation (Dold and Cocks, 2002; Street and 
Prinsloo, 2013). Indigenous medicinal plants are regarded as being a shared 
commodity instead of a resource only used by specialists (Cunningham, 1993). 
Approximately 20,000 tons of indigenous plants are traded annually in SA with under 
50 tons coming from cultivars (Mander et al., 2008; Johnson, 2013). This indicates 
that the majority (~99.75%) of the plants traded at medicinal markets are harvested 
from wild resources by collectors and reach the market via a middleman (Kool et al., 
2012). The belief that “muthi” harvested from the wild has a more potent medicinal 
effect explains this practice and results in a much higher natural and financial value 
for traders from disadvantaged backgrounds (Wiersum and Shackleton, 2005). 
However, due to environmental, ecological and genetic differences, plants harvested 
from the wild usually differ in their consistency and quality (Street et al., 2008). 
Medicinal plant collectors gather their material throughout the year to supply the 
growing demand for traded species. When mature developed plants cannot be found, 
younger plants are harvested causing further inconsistency in material from the same 
species, potentially resulting in different active chemical compounds and 
concentrations when compared to the mature plants (Von Ahlefeldt et al., 2003; Street 
et al., 2008).  
 
1.2.3 Conservation efforts 
To counteract the overexploitation of SA’s natural biodiversity, the National 
Environmental Management: Biodiversity (NEM:BA) Act 10/2004 was published to 




comply with the Conservation on Biological Diversity (CBD) initiative after SA signed 
and sanctioned it on the 2nd of November 1995. This act safeguards traditional health 
practitioners and growers of traditional plants from exploiting natural biodiversity 
(Department of Health, 2008). Thus, cultivation practices of growing traditional 
medicine on allocated lands were put in place to act as a supply source for traders of 
traditional medicine. Taking into account the growing demand for a continuous and 
steady supply of medicinal plants and the accelerated exhaustion of forest resources, 
increasing the number of medicinal plants species in cultivation seemed to be a vital 
strategy (Uniyal et al., 2000). However, cultivated plants are often regarded as being 
qualitatively inferior compared to samples harvested from the wild (Schippmann et al., 
2002). According to Cunningham (1994), traditional healers in Botswana mentioned 
how cultivated plants were undesirable. They believe cultivated plants do not have the 
same ‘medicinal power’ as plants collected from the wild. Furthermore, scientific 
studies show that the medicinal properties of plants are predominantly due to the 
existence of secondary metabolites that the plants need and generate in their natural 
environment. They do this to combat specific conditions such as competition and 
stress, which may not be present in a cultivated environment. The active ingredient 
levels tend to be very low in fast-growing cultivated samples whereas wild plants, 
which are slow growing, tend to produce higher levels of these active ingredients 
(Uniyal et al., 2000; Schippmann et al., 2002). This is seen and has been proven to 
be the case for indigenous shrubs like Myrothamnus flabellifolia (Sond.) Welw. (Figure 

















Figure 1.2: (A) Myrothamnus flabellifolia and (B) leaves that are wedge-shaped with crenate–
dentate leaf apices. 
 
1.2.4 Environmental threats 
Africa has a wealth of natural biodiversity reserves and between 40 and 45 thousand 
plant species with the potential for medicinal development. From this value, 5,000 
species have been used to develop modern medicine (Mahomoodally, 2013). The 
increasing demand for traditional medicine has placed pressure on unskilled and 
untrained traditional herbalists and collectors who do not conserve plant species when 
harvesting (Williams et al., 1997). They exploit over 3,000 of the approximately 20,000 
tropical and temperate indigenous SA flora (Mankga et al., 2013). This places plant 
biodiversity and populations under immense pressure (Naicker et al., 2003) with 
habitat transformation being more visible in different parts of the country (Fairbanks et 
al., 2000; Williams et al., 2013). The shortage and inadequate monitoring of medicinal 
plants are aggravated by the fact that there is no pharmacopoeia that records 
indigenous plants of SA with their known uses (Street et al., 2008). Trading prices are 
determined by large urban areas and are kept low because of the increasing 
unemployment rate amongst the majority of consumers, over-supply of traded plant 
materials and the cheap labour required. Furthermore, very little has been done 
towards replacing the wild plants being harvested (Cunningham, 1993). Decreasing 
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the supply of indigenous medicinal plants to these markets will most likely diminish 
income-earning opportunities for those in the trade. This is particularly troubling as a 
large majority of low–income earning people use or are in the active trade of 
indigenous medicinal plants (Mander, 1998; Williams, 2003). Plant parts such as the 
roots, bulbs, tubers or leaves that are used as medicinal products are often dug up, 
cut or uprooted resulting in the death of 86% of all harvested plants (Mander et al., 
2008). 
 
To access conservation threats towards SA plants, the ‘Red List of South African 
Plants’ database created by SANBI (South African National Biodiversity Institution; 
http://redlist.sanbi.org) is used. The database is derived from the IUCN (International 
Union for Conservation of Nature) ‘Red List Categories and Criteria’ and acts as a 
national assessment of species native to the country (Figure 1.3). Many of these 
species are already under threat because of forest clearance for agriculture, the 
establishment of new forests from montane grasslands, livestock grazing and 
uncontrolled burning (Cunningham, 1993). Therefore, overharvesting will result in 
even more noticeable levels of species depletion - significantly affecting the number 
of Endangered (EN) and Near Threatened (NT) species in the wild. The sustainability 
of the trade of medicinal plants is therefore under question. Only Encephalartos woodii 
Sander is currently known to be Extinct in the Wild (EW) because of over-harvesting 
for medicinal purposes (Williams et al., 2013). Species such as Ocotea bullata (Burch.) 
Baill., Warburgia salutaris (G. Bertol.) Chiov. and Bowie volubilis Harv. ex Hook.f. are 
known to be rare due to active trading in Mpumalanga - one of the main regions that 
supply medicinal plants throughout the country (Mankga et al., 2013). Species such 
as Erythrophleum lasianthum Corbishley and Elaeodendron transvaalensis (Burtt 




Davy) R.H.Archer are also becoming extremely rare (Fennell et al., 2004). Most of 
these Vulnerable (VU) species have a restricted distribution, are slow growing or have 
specific habitat needs (Cunningham, 1993; Saner, 2009). 
 
Figure 1.3: List of South African Red List catergories and their respective descriptions. 




1.3 Problems associated with the trade of medicinal plants 
1.3.1 Faraday Medicinal Market 
Vendors of indigenous traditional medicine can be found in large informal markets 
such as the Faraday Medicinal Market, located on the outskirts of downtown 
Johannesburg, near the central business district (Williams, 2003). The market is 
adjacent to the Faraday train station, taxi rank and bus terminal. The area is a central 
transport hub that has at least 20,000 commuters passing through the area daily, thus 
attracting customers much easier as they usually pass through the market to their 
desired destinations (Williams, 2003; D.M. Lekganyane, pers. obs.). This once “Friday 
Only” market is over 38 years old and occupies over 5.4 hectares, making it the second 
largest permanent medicinal market in SA after Warwick in Durban (Wojtasik, 2013). 
The cultural diversity of the area's vendors, healers and collectors are influential to the 
floral diversity and types of the plants being traded (Williams et al., 2000). Traders 
come mainly from eastern Cape, Mpumalanga, Limpopo with the majority being from 
Kwa-Zulu Natal. The market has more than 400 vendors who trade in plant parts such 
as bulbs and roots – the latter accounting for 48% of the plant material sold (Williams, 
2003; Williams et al., 2011). Different plant parts and preparations are displayed in 
bulk with no discernible order (Figure 1.3 A).  
 
Women are more involved as non-specialist traders of traditional medicine 
(Cunningham, 1993), whereas men tend to be sellers of animal material or are 
specialised healers. Faraday is the largest informal “muthi” market in the greater 
Johannesburg Metropolitan area and is also a wholesale and retail centre for 
indigenous medicines within the region (Williams, 2003). Research shows that the 
market supplies more than 31% of the “muthi” shops within the region and supplies 




trained traditional healers with needed materials. Most of the plants sold at Faraday 
have been purchased from suppliers from Kwa-Zulu Natal (Wojtasik, 2013; D.M. 
Lekganyane, pers. obs.). Products at the markets are usually sold using ‘handful’ 
volumes and not according to a specific mass (Williams et al., 2007). The ‘handful' 
volumes are sold at set unit prices that are influenced by inflation and growing 
harvesting costs - typically working out to 20 ZAR per unit (Figures 1.3 B). The market 
is not short of consumers as people from all social and economic levels in SA still 
make use of “muthi” as their first response to illness or social problems (Williams et 
al., 1997; Dold and Cocks, 2002; Mander et al., 2008).  
 
1.3.2 The customer experience 
Consumers view the market as a ‘Traditional Hospital’ as often individuals come to 
consult a traditional healer. The resident healers perform different functions and fall 
under different categories. Each healer has their own area of expertise, a system of 
diagnosis and specific medicine (Setswe, 1999; D.M. Lekganyane, pers. obs.). A 
traditional healer that specialises in the use of herbal medicinal preparations for 
treating diseases is called an “inyanga” (Zulu; Figure 1.3 C). Herbal medication is the 
most publicly shared therapeutic method used by African healers. Some plants are 
used as placebos whilst others for sympathetic magic. Most, however, have definite 
medicinal value (Truter, 2007). Surprisingly enough, most of the plants commonly 
used by these herbalists are not EN but are plants of Least Concern (LC). The 
consultation fee charged as well as the medicines prescribed by each traditional healer 
differs. The most popular herbs prescribed are raw plant materials that have 
undergone minimal processing (Figure 1.3 E; Street et al., 2008).  
 



























Figure 1.4: (A) Vendor’s stall at Faraday, (B) the amount of bulbs given when purchasing a 
unit of material, (C) a traditional healer (D) 50kg bags filled with plant material for sale and (E) 










Common plants found at the market include Albuca bracteata (Thunb.) J.C. Manning 
& Goldblatt, Gerbera piloselloides (L.) Cass., Gerrardanthus macrorhizus Harv. ex 
Benth. & Hook.f, Gazania krebsiana Less., Ceropegia gigantea (N.E.Br.) Bruyns and 
Clivia sp. (Figure 1.4 A-F). Plants popular amongst the youth include Peucedanum 
magalismontanum Sond., commonly known as ‘Bheka-mina’ and Cymbopogan sp., 
commonly known as ‘Woza-woza’ (Figure 1.4 G & H). These plants are claimed to be 
aphrodisiacs that can be administered to one’s true love. Other popular concoctions 
include those used as full body detoxes (150 ZAR), for luck/love potions (400 ZAR) 
and for sharpening your intuitions (300 ZAR; VNkoe, 2016). 
 
1.3.3 Health and safety concerns 
Safety, efficiency and quality control measures at these informal markets are dismal 
and arouse a multitude of health safety concerns (Street et al., 2008). Collectors and 
traders both have disregard for adequate drying conditions (Ramakrishnappa, 2002), 
which may result in mould growth as seen in (Figure 1.4 C). This leads to increased 
levels of microbial growth that in modern foods and medicine would be unacceptable 
to trade. The evident lack of trading infrastructure and of proper storage facilities often 
results in the fast decaying of plant material. This leads to unnecessary waste and a 
reduction in product quality (Street et al., 2008). Often samples are stored for lengths 
of time and according to Stafford et al. (2005), this has an effect on the biological 
activity of the plant. The antibacterial activity is often retained whilst the anti-
inflammatory activity is lost, casting doubt on the efficiency of long-term stored 
traditional medicinal plants.  
 
 











































Figure 1.5: (A) Albuca bracteata (Thunb.) J.C. Manning & Goldblatt, (B) Gerbera piloselloides 
(L.) Cass., (C) Gerrardanthus macrorhizus Harv. ex Benth. & Hook.f., (D) Gazania krebsiana 
Less., (E) Stapelia gigantea N.E.Br., (F) Clivia sp. (G) Peucedanum magalismontanum Sond., 
(H) Cymbopogan sp., (I) Tulbaghia simmleri Beauverd, (J) Drimia delagoensis (Baker) Jessop 
 
Another concern is that the plant samples are exposed to a variety of urban pollution 
such as industrial and vehicle emissions as well as insect and microbial attacks 
(Stafford et al., 2005). This introduces a number of reservations regarding the well-
being of consumers as often poorly trained plant vendors misidentify plant materials 
or adulteration, and long-term sun exposure or decay, make it near impossible to 
correctly identify a plant (Fennell et al., 2004; Street et al., 2008). For example, the 
bulbs of D. delagoensis (Figure 1.4 J) can be easily confused with Eucomis bicolor 
Baker. Since millions of South Africans rely on traditional medicines for their basic 
health care requirements, there is inadequate practical evidence about the toxicology 
and pharmacology of regularly used herbal medicines. Poisoning because of the use 
of traditional medicine is a product of misidentification and very rarely from heavy 
metal contamination (Stewart et al., 1999). Plants such as Senecio coronatus (Thunb.) 
Harv. are known to hyper-accumulate nickel and are widely used as medicinal plants 
in SA (Dold and Cocks, 2002). Assessing and examining potentially harmful elements 
is a crucial step in improving the general quality and safety of commonly used 
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medicinal plants, which will, in turn, end up in the protection of the user (Street et al., 
2008). 
 
Protected species are often found on display at the market even though traders are 
aware of how illegal the trade of these specimens is (Johnson, 2013).  No documented 
fruitful legal action has been taken against traders as police only investigate annually. 
Conservation officers find it difficult to identify protected plant species using traditional 
plant identification methods (Johnson, 2013) as often the plants have to be regrown 
in order to identify them to species level (Wojtasik, 2013). This delays the efficiency of 
conservation officers in removing protected and invasive plant species from the market 
in time (Williams et al., 2013; Wojtasik, 2013). Conservation methods suggested to 
traders have failed as more than 10,000 tonnes of indigenous plants were harvested 
from the wild for medicinal trade only in the eastern part of SA whilst limited numbers 
of these plants came from cultivated areas (Mander et al., 2008). There is a reason to 
believe that this value has since increased as approximately 40-50 large bags filled 
with indigenous plants are delivered to the market weekly (Figure 1.3 D; Williams et 
al., 2013).  
 
Traditional plant identification is based on morphological characteristics, which have 
been proven unreliable in the identification of a wide range of plant produce at the 
market (Mankga et al., 2013) due to morphological similarities and adulteration. 
Additionally, a concoction of various plant materials can be ground into powder form, 
rendering some traditional medicines as complex mixtures (Street et al., 2008) 
impossible to identify morphologically. Moreover, plants are traded using local names 
(Kool et al., 2012), some traded plants have various synonymous names, and the 




same vernacular name could be assigned to many plant species (Bellakhdar et al., 
1991). Surprisingly, despite the rich biodiversity of SA and the wide variety of medicinal 
plants used, only a small number of plant species have been scientifically 
authenticated (Springfield et al., 2005). 
 
1.4 DNA barcoding: a modern-day solution to an age-old problem 
1.4.1 The concept of DNA barcoding 
In order to resolve the issue of misidentification, DNA barcoding, a method that uses 
short gene sequences from standardised regions of the genome to distinguish 
between closely related species, will be implemented in this study to assist in the rapid 
identification of bulbous and perennial herbs and parts thereof. DNA barcoding 
combines genomic and phenetic tools to identify species diversity in a standardised 
manner by using a sequence variation in a short, standardised gene region to identify 
organisms (Herbert et al., 2004; Mankga, 2012). Its aims are to make Linnaean’s 
taxonomic system readily available for use and with added benefits for 
conservationists, environmentalists and the different agencies that are in charge of the 
control of pests, food safety and invasive species (Herbert and Gregory, 2005). DNA 
barcoding also aims to raise the pace of species discovery by empowering 
taxonomists to quickly identify samples and different taxa that might represent new 
species.  
 
1.4.2 Taxonomic impediment 
Society has a growing need for taxonomic information in order to better understand 
our natural world. More than a decade ago, there was a grave taxonomic impediment 
that saw taxonomy obstructing conservation and biodiversity studies instead of 




facilitating them (Wheeler et al., 2004). Worldwide, there is a growing demand for more 
taxonomists who can identify species, determine their taxonomic relation, describe 
species new to science, and make assumptions about their characteristics. This grows 
more with each year as most taxonomists are aging and will retire soon (leaving a 
deficiency regarding years of experience and experts), coupled with the fact that fewer 
students are being trained in taxonomy. Furthermore, there is a decrease in the 
number of opportunities that allow people to spend time doing entry level taxonomy 
(Hoagland, 1996). There is no doubt that taxonomy is at the core of biodiversity 
science given its irreplaceable part in the conservation, documentation and balanced 
use of biodiversity. Taxonomic data assist in answering the question of how 
biodiversity is distributed at a national, provincial and global scale (Dar et al., 2012). 
DNA barcoding serves as one of the solutions to our current taxonomic impediment 
problem. DNA barcoding allows taxonomists to significantly grow and ultimately 
complete the global record of life’s diversity (Herbert and Gregory, 2005). Three 
important principles of DNA barcoding are standardisation, minimalism, and scalability 
(Hollingsworth et al., 2011). When selecting a barcoding region one needs to keep in 
mind that a good barcode is one that is simple to sequence, highly universal, is easy 
to align, it must have high inter-specific and low intra-specific sequence discrepancy, 
is reliably in large and diverse sample sets, it can be recoverable from degraded 
sample material and must have easily comparable data in order to distinguish the 
query sample from other species (Kress et al., 2005; Hollingsworth et al., 2011; 
Mankga, 2012). When a sequence is recovered from an unspecified sample, an 
algorithm is used to asses it against a reference database that contains barcodes from 
previously known samples, therefore allowing the query sample to be identified. DNA 
barcodes perform as molecular markers for every species, similar to a black-and-white 




barcode reader that is used in the wholesale industry to recognise market products 
(Kool et al., 2012). This ensures that plant species traded at the market, irrespective 
of their morphological form (degraded into power form or in compound mixtures) can 
be readily identified using their DNA. 
 
1.5 Objectives of the study 
The specific objectives of this project are: 
1. to identify bulbous and perennial herbs traded at the Faraday medicinal market 
using DNA barcoding, 
2. to compile a public “free-for-use” DNA barcode reference library of bulbous and 
perennial herbs (all according to the international Barcoding Of Life Database – 
BOLD – specifications), 
3. to analyse the efficacy of DNA barcodes in assisting rapid species identification of 
perennial and bulbous herb at the medicinal plant market, and 
4. to provide the Department of Environmental Affairs with a prioritised list and 










2.1 Building a reference dataset 
Williams’ (2003) checklist was chosen as model system for the reference dataset to 
test DNA barcoding efficiency. The checklist is included in a final report submitted to 
the Department of Agriculture, Conservation, Environment and Land Affairs (DACEL; 
2009) and forms part of the official environmental impact assessment of Gauteng’s 
biodiversity. Williams’ list comprises of 339 vernacular names that correspond with 
509 species traded at the Faraday Traditional Medicinal (FTM) market. A list of 
bulbous and perennial herbs species names and corresponding vernacular were 
obtained from Williams’ (2003) checklist, see Table 2.1. All synonyms where updated 
to current scientific names following the APG (Angiosperm Phylogeny Group) IV 
classification system. Reference sequences were mined for corresponding core 
barcoding regions (matK and rbcLa) on GenBank and Barcode of Life Datasystems 
(BOLD) using the updated list.  
 
Genetic lookalikes were included to ensure adequate species coverage and to allow 
identification of potential substitutes used. These sequences were BLASTed against 
the National Center for Biotechnology Information (NCBI) and BOLDsystems 
databases. The top 10 highest-scoring hits with genetic similarities >98% to the query 
were included in the reference database. If the top ten best matched sequences 
belong to the same species, up to five sequences were downloaded. If they did not, 
additional species within the threshold were downloaded. To strengthen the 
discriminatory capacity of the reference dataset,	a Maximum Parsimony (MP) tree was 
generated using the mined sequences so that the topology of represented species 
could be evaluated. Published scientific journals were then consulted to study the 
phylogeny of each family grouping. Where needed, DNA barcodes of genera closely 




related to species in the checklist were added and sequences of species falling in 
unexpected clades were removed. To filter the mined genetic lookalikes, sequences 
of species distributed within southern Africa were included. Reference sequences 
were aligned in Geneious using MUSCLE v.38.31 (Edgar, 2004) and a custom BLAST 
database was then created to identify bulbous and perennial herbs traded at the 
market. 
 
2.2 Market sampling  
Plant specimens were collected on a monthly basis between January and July 2015 
from ~35 stores at the FTM market in Johannesburg, Gauteng (GPS location: 
26°12'42.4"S 28°02'43.0"E; Figure 2.1 A). Sampling was achieved by collecting 
specimens using the vernacular names from Williams’ (2003) checklist. Additionally, 
openly displayed bulbous and perennial plants not on the list were bought from the 
traders. The vernacular names for these samples, as given by the herbalists, were 
captured following Kool et al. (2012). Plant samples were photographed, stored in 
silica gel and assigned voucher numbers (Table 2.2). The parts sold were also 
recorded. The price of samples varied between 10 and 30 ZAR (Figure 2.1 B and C). 
All query samples were analysed and processed at the African Centre for DNA 
Barcoding (ACDB), University of Johannesburg (Figure 2.1 D). 
 
2.3 DNA extraction 
Total DNA was extracted from 0.5 – 1.0g plant material using the 10x CTAB 
(hexadecyl trimethyl ammonium bromide) method of Doyle and Doyle (1987). The 
samples were ground at room temperature using a mortar with liquid nitrogen or sterile 




grinding sand until homogenised (Figure 2.1 E). The homogenised material was then 
poured into a 50ml centrifuge tube containing 10ml 10x CTAB isolation buffer and 80µl 
mercarptoethanol preheated to 65°C. This tube was incubated for 15-20 mins at 65°C 
with occasional shaking. Subsequently, 10ml of SEVAG (chloroform/isoamylalchohol 
(24:1)) was transferred into the tube before being placed horizontally in a shaker and 
agitated at 100 revolutions per min (rpm) for 30 mins after, which the standard isolation 
protocol was followed. Polyvinyl pyrolidone (2% PVP) was added to the sample to 
decrease the effect that excessive polysaccharide concentrations have on the 
samples (Fay et al., 1998). Samples were stored at -20oC for a minimum of two weeks 
to ensure that DNA precipitates. Thereafter, DNA samples were purified using the 
ethanol precipitation method (Eickbush and Moudrianakis, 1978) to ensure that DNA 
is de-salted and concentrated.  
 
2.4 DNA amplification and sequencing 
The DNA barcoding marker matK (CBOL Plant Working Group, 2009) was used for 
Polymerase Chain Reaction (PCR) amplifications. The primers used and the 
corresponding references are listed in Table 2.3.  
 
PCR amplification of matK was done using clean total DNA from the market samples. 
All reactions were performed in 200µl reaction tubes with a total volume of 25µl per 
reaction. The master mix was made up of 12.5µl PCR Mastermix 2X (ThermoFisher 
Scientific, Massachusetts, USA), 0.3µl of each primer and 0.5µl reaction buffer. 
Additionally, 0.8µl of bovine serum albumin (BSA) (3.2%) was added to all PCR 
reactions, whereas 0.5µl of dimethylsulphoxide (DMSO) (4.5%) was added to matK 
samples. These additives function as stabilisers for enzymes, improve annealing and 




relegate problems with secondary structure (Savolainen et al., 1995; Palumbi, 1996). 
Finally, 1µl or 2µl of DNA (depending on the DNA concentration) was added to the 
tube. 
 
PCR amplification settings for matK were as folows: an initial 4 mins of denaturation 
at 98°C followed by 10 cycles of 30 secs of denaturation at 94°C, 30 secs annealing 
at 52°C, and a 1 min elongation at 72°C, an additional 25 cycles of 30 secs of 
denaturation at 88°C, 30 secs annealing at 48°C, and a 1 min elongation at 72°C 
finishing with an additional elongation of 5 mins at 72°C. The PCR product was verified 
by running 5µl of the amplified DNA with 2µl of tracking dye on a 1% agarose gel in 
Tris-Acetate-EDTA (TAE) buffer. The agarose gel was stained with 1% ethidium 
bromide and the bands were viewed using ultra-violet (UV) light. The amplified PCR 
products were cleaned using QIAquick columns (Qiagen Inc., Germany) as instructed 
on the manufacturer’s protocol.  
 
Cycle sequencing reactions were performed using the BigDye® Terminator V3.1 kit 
(Thermo Fisher Scientific, Massachusetts, USA). The cycle sequencing products were 
precipitated in 3M sodium acetate and 70% ethanol to remove extra dye terminators 
prior to sequencing on the ABI 3130xl genetic analyser. The complementary strands 
generated were assembled and edited using Sequencher v.5.1 (Gene Codes Crop., 
Ann Arbor, Michigan, USA). All the protein coding sections were inspected to ensure 
that no stop codons were present. The sequences were then aligned using Multiple 
Sequence Comparison by Log-Expectation (MUSCLE v.38.31; Edgar, 2004), 
accessed through Geneious v.8.1.8 (http://www.geneious.com; Kearse et al., 2012) 




and finally edited manually in PAUP* v.4.0a150 (Swofford, 2002) without difficulties 
because of low level of insertions/deletions. 
 
2.5 Data analysis of query samples 
To assign query market samples to known species, three approaches were used 
namely: (1) similarity method, (2) tree-based method and (3) character-based method.  
 
2.5.1 Similarity method analysis 
Before the collected samples were queried against the reference database, the 
similarity percentage threshold was increased from 98% to 99% to ensure that only 
sequences matching the queries at this threshold are considered as the closest true 
taxonomic identity. Queries were BLAST through Geneious v.8.1.8 (Kearse et al., 
2012) and the highest-scoring hit from each query yielding the highest Bit-Score and 
E-value of 0 was used as the species identification. The bit score is a statistical guide 
that can be used in conjunction with E-value score in a BLAST search. It measures 
the similarly of a query to a reference sequence irrespective of database size and 
sequence length (Rédei, 2008). Thus the higher the Bit-Score, the more similar a 
query is to the best-matched reference sequence. Barcoding identifications were 
considered ambiguous if two or more equally high-scoring hits were generated. 
 
2.5.2 Tree-based method analysis 
In the Tree-based analysis, the query samples were assigned to a known species if 
they formed a monophyletic cluster with the identified specimens in the DNA barcode 
tree. For this approach, a cladistics analysis using the MP (Farris, 1972) algorithm in 
PAUP* v.4.0a152 (Swofford, 2002) was executed to analyse the dataset. 




Encephalartos ferox (G. Bertol) Lehm. from the Zamiaceae family was selected as the 
outgroup. 
 
Tree searches were executed using heuristic searches with 1,000 random sequence 
additions, retaining 10 trees at each step to reduce time spent on branch swapping 
per replication. The tree-bisection-reconnection (TBR) branch swapping algorithm was 
implemented with the multiple equally parsimonious trees (MulTrees) option in effect 
and all character transformations were considered as equally likely (Fitch, 1971). 
Accelerated transformation (ACCTRAN) was used to calculate the branch lengths. 
Branch support was estimated using bootstrap analysis with 1,000 replications using 
TBR and holding 10 trees per replication	(Felsenstein, 1985). Only clades with 50% 
majority-rule consensus are reported. To evaluate the Bootstrap Percentage (BP) 
support, the following scale was used: weak support (50-74%), moderate support (75-
84%) or high support (85-100%) (Felsenstein, 1985). 
 
2.5.3 Character-based method analysis 
The BRONX (Barcode Recognition Obtained with Nucleotide eXposé’s) algorithm tool 
using two PERL scripts developed by GNU GPL version 2 
(http://www.nybg.org/files/scientists/dlittle/BRONX.html; Little, 2011) was used to 
assign query samples to known species. The ‘BRONX.pl’ function was used to identify 
query sequences using the sequence’s context to match it to the context of the 
reference exposé. Where there is matching context, the similarities were scored. This 
technique mimics the technique used in traditional morphological systematics, where 
each composite exposé is equal to a taxonomic morphological description and where 
some characters give context for others (Little, 2011). 




2.6 Analysing species conservation status 
Using the national Red List categories (Figure 1.3), the conservation status of all 
bulbous and perennial herbs collected from the market was assessed and a prioritised 
list was generated.  
  





Figure 2.1: (A) Plant sampling at FTM market, (B) openly displayed plants at a stall with their 
vernacular names, (C) map of Faraday Traditional Medicinal market in Johannesburg, (D) 
recording the names of the collected plant samples at ACDB lab and (E) grinding plant 
samples for DNA extraction.  
  
Faraday Medicinal Market 









Table 2.1: Updated list of bulbous and perennial species traded at the market in 2003. The vernacular names, plant part traded and 
IUCN status are recorded. Species marked with asterisk (*) have been updated to correspond with current nomenclature. Vernacular 
names are in Zulu unless where marked by (So) then Sotho names were used. 
APG IV Scientific name Vernacular name Red List status 
Plant part 
sold 
Acalypha brachiata Krauss* umPendulo NE root 
Acalypha glandulifolia Meisn. ex Krauss unGibonisele LC whole plant 
Acanthospermum hispidum DC. inKunzana NE flowers 
Achyropsis avicularis (E.Mey. ex Moq.) Cooke & C.H.Wright umSiphawenyoka LC whole plant 
Acmella caulirhiza Del.* isiSinini LC leaves/stem 
Acokanthera oblongifolia (Hochst.) Benth. & Hook.fil. ex B.D.Jacks. iHlungunyembe LC stem 
Acokanthera oppositifolia (Lam.) Codd iHlungunyembe LC leaves 
Acorus calamus L. iKalamuzi NE root 
Adenia cissampeloides Harms* imPindamshaye NE stem 
Adenia digitata Engl. umhlabadabuka LC root 
Afrosciadium caffrum (Meisn.) P.J.D.Winter* inhlanhlomhlope LC leaves/stem 
Afrosciadium magalismontanum (Sond.) P.J.D.Winter* iBheka LC whole plant 
Agapanthus africanus Hoffmanns. uBani LC bulb 
Agapanthus campanulatus F.M.Leight. uBani LC bulb 
Agapanthus praecox Willd. uBani LC bulb 
Agathosma ovata (Thunb.) Pillans uMahesakomhlope LC root 
Albuca bracteata (Thunb.) J.C.Manning & Goldblatt uMababaza LC bulb 




Albuca fastigiata Dryand. uMaphipha LC bulb 
Albuca nelsonii N.E.Br. uMaphipha LC bulb 
Albuca setosa Jacq. inGcino LC bulb 
Albuca sp. inCelo ? bulb 
Alepidea amatymbica Eckl. & Zeyh. iKhatazo/ lesokwane (So) EN root 
Aloe chabaudii Sch inHlaba LC whole plant 
Aloe dewetii Reynolds inHlaba LC whole plant 
Aloe ferox Mill. inHlaba LC whole plant 
Aloe maculata All. iCena LC leaves 
Aloe marlothii A.Berger inHlaba LC whole plant 
Aloe monteiroi Baker* iCena NE leaves 
Aloe spicata L.f. inHlaba LC whole plant 
Aloe suprafoliata Pole-Evans iCena/ inHlaba LC leaves 
Ansellia gigantea Rchb.f. imFeyenkawu LC whole plant 
Anthospermum rigidum Eckl. & Zeyh. umLomomnandi LC root 
Argyrella canescens Harv.* uHlazifukwe oluncane NE stem 
Argyrolobium robustum T.J.Edwards umZimuka LC root 
Argyrolobium speciosum Eckl. & Zeyh. umZimuka LC root 
Aristaloe aristata (Haw.) Boatwr. & J.C.Manning* uMathithibala LC whole plant 
Aristea ecklonii Baker payabashimane (So) LC whole plant 
Aristea torulosa Klatt* payabashimane (So) LC whole plant 
Artemisia afra Jacq. ex Willd. umHlonyane/ lengana (So) LC leaves/stem 




Asclepias cucullata Schltr. uDelunina LC root 
Asparagus africanus Lam. isiGoba/ uBulawu omhlope LC root 
Asparagus asparagoides Druce iButha LC root 
Asparagus falcatus L. isiGoba LC root 
Asparagus laricinus Burch. iButha LC root 
Asparagus ramosissimus Baker iButha LC root 
Asparagus setaceus (Kunth) Jessop iButha LC root 
Asparagus virgatus Baker iButha LC root 
Aspilia natalensis (Sond.) Wild uPhamepuce LC whole plant 
Aster bakerianus Burtt Davy ex C.A.Sm. uDlutshana LC root 
Athrixia phylicoides DC. iShayelo LC leaves/stem 
Baccharoides adoensis (Sch.Bip. ex Walp.) H.Rob* inYathelo LC root 
Begonia dregei Otto & Dietr. iDula EN root 
Begonia homonyma Steud. iDula EN root 
Boophone disticha (L.f.) Herb. iNcotho/ ingobazohlanya LC bulb 
Bowiea volubilis Harv. ex Hook.f. uGibisila VU bulb 
Bulbine abyssinica A.Rich. iBhucu LC whole plant 
Bulbine alooides Willd. iBhucu LC whole plant 
Bulbine asphodeloides Spreng. iBhucu LC whole plant 
Bulbine frutescens Willd. iBhucu LC whole plant 
Bulbine latifolia var. latifolia* iBhucu LC whole plant 
Buxus macowanii Oliv. umGalagala LC leaves 




Buxus natalensis (Oliv.) Hutch. umGalagala LC leaves 
Callilepis laureola DC. amaFutomhlaba/ imPila LC root 
Calomeria epapposa (Bolus) Heine* iMphepho LC leaves/stem 
Celosia trigyna L. uVelabahleka LC whole plant 
Cephalaria humilis Roem. & Schult. iMpikayiboni LC root 
Ceropegia gigantea (N.E.Br.) Bruyns* umaliliza/ uZililo LC whole plant 
Cheilanthes hirta Sw. iNkomankoma LC leaves/stem 
Clivia miniata (Lindl.) Verschaff. uMayime VU whole plant 
Clivia nobilis Lindl. uMayime VU whole plant 
Commelina africana L. iDangebane LC leaves 
Commelina benghalensis L. iDangebane LC stem 
Convolvulus sagittatus Thunb. uVimbukhalo LC root 
Corbichonia decumbens (Forssk.) Exell iNyongwane LC root 
Corchorus confusus Wild unGibonisele LC whole plant 
Crabbea hirsuta Harv. uMusa LC root 
Crinum bulbispermum (Burm.) Milne-Redh. & Schweick. uMduze LC bulb 
Crinum macowanii Baker uMduze LC bulb 
Crinum moorei Hook.f. uMduze VU bulb 
Crinum stuhlmannii Baker* uMduze LC bulb 
Crocosmia aurea (Hook.) Planch. umLunge LC bulb 
Crocosmia paniculata (Klatt) Goldblatt umLunge LC bulb 
Crocosmia sp. unDwendweni ? bulb 




Crotalaria globifera E.Mey. uBhubhubhu LC root 
Crotalaria sp. uVelabahleka ? whole plant 
Cucumis africanus L.f. iSendelenje/ monyaku (So) LC fruit 
Cucumis hirsutus Sond. inTangazane/ iSendelenje/ monyaku (So) LC fruit 
Cucumis zeyheri Sond. iSendelenje/ monyaku (So) LC fruit 
Cyanotis speciosa Hassk. uMakhothigobile/ uDabulamafu LC root 
Cycnium racemosum Benth. uHlabalangane LC root 
Cymbopogon sp. isiQunga/ iWozawoza/ uSukasahamba ? leaves/stem 
Cyphostemma lanigerum (Harv.) Desc. ex Wild & R.B.Drumm. iDambiso LC root 
Cyphostemma natalitium iDambiso LC root 
Cyrtanthus contractus N.E.Br. imPingizana LC N/A 
Cyrtanthus stenanthus Baker imPingizana LC n/A 
Dianthus basuticus Burtt Davy hlokwanalatsela LC root 
Dianthus crenatus Thunb. iNingizimu LC whole plant 
Dianthus mooiensis F.N.Williams tjanibeswe LC whole plant 
Dianthus zeyheri Sond. iNingizimu LC whole plant 
Dicoma anomala Sond. hlwenya/ iNyongwane LC root 
Dierama pendulum Baker unDwendweni LC root 
Dietes iridioides (L.) Sweet ex Klatt isiGqikisikatokoloshe LC leaves/stem 
Dioscorea dregeana T.Durand & Schinz uDakwa LC tuber 
Dioscorea sp. umTani ? root 




Dioscorea sylvatica Ecklon iNgwevu/ uFudu VU tuber 
Diospyros galpinii (Hiern) De Winter iMpishimpishi LC root 
Drimia altissima (L.f.) Ker Gawl.* uMahlongolozi/ umHlabelo LC bulb 
Drimia delagoensis (Bak.) Jessop* uMahlanganisa LC bulb 
Drimia elata Jacq. inDongana-zimbomvana/ isiKlenama/ sekanama DDT bulb 
Drimia macrocentra (Bak.) Jessop* uMahlongolozi/ umHlabelo LC bulb 
Dryopteris athamantica (Kunze) Kuntze iNkomankoma LC leaves/stem 
Dryopteris inaequalis (Schlecht.) Kuntze iNkomankoma LC leaves/stem 
Eclipta alba Hassk. uPhamepuce NE whole plant 
Elephantorrhiza elephantina Skeels inTolwane/ umDabu LC tuber 
Empogona lanceolata (Sond.) Tosh & Robbr.* umSuzwane LC leaves/stem 
Eriosema cordatum E.Mey. uQonsi LC root 
Eriosema salignum E.Mey. uQonsi LC root 
Eriospermum cooperi Baker iNcamashela LC root 
Eriospermum mackenii Baker iNcamashela/ iNsulansula NE root 
Eriospermum ornithogaloides Baker iNcamashela LC root 
Eucomis autumnalis (Mill.) Chittenden uMathunga LC bulb 
Eucomis bicolor Baker imBola NT bulb 
Eulophia cucullata (Afzel. ex Sw.) Steud. iPhamba/ uMabelejongosi LC root 
Eulophia leontoglossa Rchb.f. iPhamba LC root 
Eulophia ovalis Lindl. iPhamba LC root 




Eulophia sp. unDwendweni ? root 
Eulophia speciosa Bolus iPhamba/ uMabelejongosi LC root 
Eulophia streptopetala Lindl. iPhamba/ mohatollo (So) LC root 
Euphorbia clavarioides Boiss. iNhlehle/ isantilele LC whole plant 
Euphorbia flanaganii N.E.Br. iNhlehle VU whole plant 
Foeniculum vulgare Mill. iMbozisa NE leaves 
Fusifilum physodes (Jacq.) Speta* uMahlongolozi/ umHlabelo NE bulb 
Gasteria sp. imPundu ? whole plant 
Gazania krebsiana Less. sweswe (So)/ tsikitlana (So) LC root 
Gerbera ambigua Sch.Bip. umLimi-lwenkomo LC whole plant 
Gerbera piloselloides Forssk. uMoyawezwe LC root 
Gladiolus sericeovillosus Hook.f. umLunge NE bulb 
Gladiolus sp. unDwendweni ? bulb 
Gloriosa superba L. ingobamakhosi LC root 
Glycyrrhiza glabra L. umLomomnandi NE root 
Gnidia burchellii Gilg isiDikili NE whole plant 
Gnidia cuneata Meisn. isiDikili NE whole plant 
Gnidia kraussiana Meisn. imFuzane/ inhlanhlomhlope/ isiDikili/ umSilawengwe NE root 
Gnidia sp. inHlashane ? root 
Graderia scabra Benth. isiQomiso LC leaves/stem 
Gunnera perpensa L. itangazane/ uGobho LC root 




Gymnanthemum corymbosum (Thunb.) H.Rob.* umZane LC root 
Haemanthus albiflos Jacq. indlebelendlovu/ uZeneke LC bulb 
Haemanthus coccineus L. indlebelendlovu/ uZeneke LC bulb 
Haemanthus deformis Hook.f. indlebelendlovu/ uZeneke VU bulb 
Haworthiopsis fasciata (Willd.) G.D.Rowley uMathithibala NT whole plant 
Haworthiopsis limifolia (Marloth) G.D.Rowley uMathithibala NE whole plant 
Helichrysum acutatum DC. uZangume LC root 
Helichrysum aureonitens Sch.Bip. iNkondwana LC leaves/stem 
Helichrysum cymosum D.Don iMphepho LC leaves/stem 
Helichrysum decorum DC. iMphepho LC leaves/stem 
Helichrysum gymnocomum DC. iMphepho LC leaves/stem 
Helichrysum natalitium DC. iMphepho LC leaves/stem 
Helichrysum nudifolium Less. iMphepho LC leaves/stem 
Helichrysum odoratissimum (L.) Sw. iMphepho LC leaves/stem 
Helinus integrifolius Kuntze uBhubhubhu LC root 
Heliophila subulata Burch. ex DC. uMoyawezwe LC stem 
Hypoxis argentea Harv. ex Baker letsikitlane LC bulb 
Hypoxis colchicifolia Baker iLabetheka/ iNkomfe/ izambane LC bulb 
Hypoxis gerrardii Baker iLabetheka/ izambane LC bulb 
Hypoxis hemerocallidea Fisch.Mey. & Avé-Lall. iLabetheka/ iNkomfe/ izambane LC bulb 
Hypoxis obtusa Burch. ex Ker Gawl.* iLabetheka LC bulb 
Hypoxis rigidula Baker iLabetheka/ iNkomfe LC bulb 




Jasminum angulare Vahl uMalala LC leaves 
Justicia capensis Thunb. iKhokhela LC root 
Kalanchoe rotundifolia Haw. iDambisa LC whole plant 
Kedrostis capensis (Sond.) A.Meeuse sesepa-sa-lithota (So) LC root 
Kniphofia caulescens Baker iCane LC root 
Kniphofia laxiflora Kunth iCane LC root 
Kniphofia parviflora Kunth iCane LC root 
Kniphofia porphyrantha Baker iCane LC root 
Kniphofia rooperi Lem. iCane LC root 
Kniphofia uvaria (L.) Oken iCane LC root 
Knowltonia bracteata Harv. umVuthuza VU root 
Kohautia amatymbica Eckl. & Zeyh. umFanozacile/ umHungulo LC root 
Lagenaria sphaerica E.Mey. uSelwa LC root 
Lantana rugosa Thunb. molutoane (So) LC root 
Ledebouria cooperi (Hook.f.) Jessop iCubudwana LC bulb 
Ledebouria ovatifolia (Baker) Jessop iCubudwana LC bulb 
Ledebouria revoluta (L.f.) Jessop iCubudwana LC bulb 
Lichtensteinia interrupta E.Mey. iMbozisa LC leaves 
Lichtensteinia kolbeana Bol. inhlanhlomhlope NE leaves/stem 
Lippia javanica Spreng. umSuzwane LC leaves/stem 
Lotononis corymbosa Benth. uMusa LC root 
Lycopodium clavatum L. inWele LC leaves/stem 




Macledium zeyheri (Sond.) S.Ortiz* umQele LC root 
Mentha aquatica L. iMbozisa LC leaves 
Merwilla plumbea (Lindl.) Speta* inGuduza NT bulb 
Mesembryanthemum cordifolium L.f.* iBohlololo LC whole plant 
Mesembryanthemum sp. uGebeleweni ? whole plant 
Momordica balsamina L. iNtshungu LC leaves/stem 
Momordica foetida Schum. iNtshungu LC leaves/stem 
Mondia whitei Skeels uMondi EN root 
Muraltia lancifolia Harv. uMahesakemnyama LC root 
Myrothamnus flabellifolius Welw. uVukwabafile DDT leaves 
Nidorella podocephala (DC.) J.C.Manning & Goldblatt* isiTshotshokazane LC leaves 
Osteospermum imbricatum L. inKhupuhlana/ mokuphule (So) LC leaves/stem 
Osyridicarpos schimperianus A.DC.* uMalala LC root 
Othonna natalensis Sch.Bip. iNcama LC whole plant 
Oxalis smithiana Eckl. & Zeyh. inkolowane NE root 
Pelargonium luridum Sweet iShaqa/ uVendle LC root 
Pellaea calomelanos Link iNkomankoma LC leaves/stem 
Pentanisia prunelloides Walp. iCimamlilo/ setima mollo (So) LC whole plant 
Phytolacca dioica L. iShongwe/ umZimuka NE root 
Pimpinella caffra D.Dietr. iBheka LC whole plant 
Plectranthus grallatus Briq. umNyamawempunzi LC root 
Plectranthus hadiensis (Forssk.) Schweinf. ex Sprenger iNkungwini LC root 




Plumbago auriculata Lam. uMaswelisweli LC root 
Polygala fruticosa P.J.Bergius iThethe LC leaves/stem 
Polygala gerrardii Chodat iShobelenyati/ uNgqengendlela LC whole plant 
Polygala glaucoides L. iShobelenyati/ uNgqengendlela NE whole plant 
Polygala hottentotta C.Presl uZekane LC root 
Polygala serpentaria Eckl & Zeyh.* iShobelenyati/ uNgqengendlela LC whole plant 
Polygala virgata Thunb. iThethe LC leaves/stem 
Portulaca sp. uShisizwe ? leaves/stem 
Proboscidea louisianica Thell.* umZunguluwane NE fruit 
Pseudophyllanthus ovalis (E.Mey. ex Sond.) Voronts. & Petra Hoffm.* uMbesa/ uMembeze NE root 
Pulicaria scabra Druce isiThapuka LC root 
Ranunculus multifidus Forssk. uXhapozi LC leaves/stem 
Raphionacme sp. uMathanjana/ lesapo (So) ? root 
Ricinus communis L. uhlavu NE leaves 
Riocreuxia torulosa Decne. uShuqu DDD leaves 
Sansevieria hyacinthoides (L.) Druce isiKholokholo/ uPhondolukabhejane LC whole plant 
Sarcophyte sanguinea Sparrm. uMavumbuka LC root 
Scabiosa columbaria L. iBheka LC whole plant 
Scadoxus puniceus (L.) Friis & Nordal umPhompho LC bulb 
Schlechterina mitostemmatoides Harms iHlalanyosi VU whole plant 
Scilla nervosa Burch. imbita-yabantwana/ inGcino NE bulb 
Scilla sp. uMasitabane ? bulb 




Secamone gerrardii Harv. ex Benth. & Hook.f. iPhophoma LC whole plant 
Senecio asperulus DC. moferefere (So) LC whole plant 
Senecio coronatus Harv. ubuLibazi LC root 
Senecio inaequidens DC.* uQobaqoba LC stem 
Silene bellidioides Sond. iGwayana NE whole plant 
Siphonochilus aethiopicus (Schweinf.) B.L.Burtt inDungulo/ isiPhephetho CR root 
Solanum linnaeanum Hepper & P.-M.L.Jaeger inThuma LC fruit 
Solanum mauritianum Scop. uBhoqo NE root 
Stangeria eriopus (Kunze) Baill. imFingo VU tuber 
Striga elegans Benth. umncaka LC whole plant 
Stylochiton natalensis Schott umfana-embuzi/ iNsulansula NE root 
Talinum caffrum Eckl. & Zeyh. iMpunyu/ punyuka LC root 
Teedia lucida Rudolphi hlwenya LC root 
Tephrosia kraussiana Meisn. iPhunga LC root 
Thesium pallidum A.DC. uMahesakobomvu LC root 
Tulbaghia alliacea L.f. iShaladilezinyoka/ umWelela LC bulb 
Tulbaghia ludwigiana Harv. iShaladilezinyoka/ umWelela LC bulb 
Tulbaghia simmleri Beauverd iShaladilezinyoka/ umWelela LC bulb 
Tulbaghia violacea Harv. iShaladilezinyoka/ umWelela LC bulb 
Turbina oblongata (E.Mey. ex Choisy) A.Meeuse uBhoqo LC root 
Turraea obtusifolia Hochst. uSwazi LC leaves/stem 
Tylophora flanaganii Schltr. uMusa LC root 




Typha capensis (Rohrb.) N.E.Br. iBhuma LC root 
Ursinia nana DC. selepe (So) LC leaves/stem 
Withania somnifera (L.) Dunal imPatampata/ ubuVimbo LC root 
Xerophyta retinervis Baker isiPhemba LC stem 
Xysmalobium undulatum (L.) Ait. iShinga/ iShongwe LC root 
 





Table 2.2: List of the plants samples collected at the market, their vernacular, plant 
part traded and the collection dates. Vernacular names are in Zulu unless where 
marked by (So) then Sotho names were used. 
Voucher no. Vernacular name Plant part sold Collection date SA season 




F.R.DAY 2 Nhlungunyembe leaves 29-01-2015 
F.R.DAY 3 Kushisa Izwe whole plant 29-01-2015 
F.R.DAY 4 uMbola Webesuthu bulb 29-01-2015 
F.R.DAY 5 uMbola bulb 29-01-2015 
F.R.DAY 6 Ndongwana-zibomvana bulb 29-01-2015 
F.R.DAY 7 Mayime Itelezi whole plant 29-01-2015 
F.R.DAY 8 umWelela bulb 29-01-2015 
F.R.DAY 9 Bheka-mina whole plant 29-01-2015 
F.R.DAY 10 uJanibeswe whole plant 29-01-2015 
F.R.DAY 11 Inkomba corm 29-01-2015 
F.R.DAY 12 Icino bulb 16-02-2015 
F.R.DAY 13 Bohlololo whole plant 16-02-2015 
F.R.DAY 14 Phunyuka root 16-02-2015 
F.R.DAY 15 iSkanama bulb 16-02-2015 
F.R.DAY 16 Mababaza bulb 16-02-2015 
F.R.DAY 17 unDwedweni corm 16-02-2015 
F.R.DAY 18 Mavumbuka root 16-02-2015 
F.R.DAY 19 Inguduza whole plant 16-02-2015 
F.R.DAY 20 uMabelejongosi corm 16-02-2015 
F.R.DAY 21 iSkanama (white) 'selumayo' bulb 16-02-2015 
F.R.DAY 22 Mayisaka (red) root 16-02-2015 
F.R.DAY 38 Dzekani whole plant 06-03-2015 
Autum
n 
F.R.DAY 39 Woza woza root 06-03-2015 
F.R.DAY 40 Phophoma root 06-03-2015 
F.R.DAY 41 Payabashimane root 06-03-2015 
F.R.DAY 42 iShaladilezinyoka whole plant 06-03-2015 
F.R.DAY 43 Moyawezwe leaves 06-03-2015 
F.R.DAY 44 iMbozisa whole plant 06-03-2015 
F.R.DAY 45 iNcitho bulb 06-03-2015 
F.R.DAY 46 Tsikithlana (So)  whole plant 10-04-2015 
F.R.DAY 47 Phakisani whole plant 10-04-2015 
F.R.DAY 48 eSlejani  leaves 10-04-2015 
F.R.DAY 49 iNguboyemhlobo whole plant 10-04-2015 




F.R.DAY 50 Ncangenadlela whole plant 10-04-2015 
F.R.DAY 51 Mphepho  leaves 10-04-2015 
F.R.DAY 52 Mothagefani corm 10-04-2015 
F.R.DAY 53 Madhlozana  root 10-04-2015 
F.R.DAY 54 Ncino  bulb 15-05-2015 
F.R.DAY 55 Dimakhude whole plant 15-05-2015 
F.R.DAY 71 Maliliza leaves 15-05-2015 
F.R.DAY 72 Sweswe (So)  leaves 15-05-2015 
F.R.DAY 73 sThabamabonjwani  leaves 15-05-2015 
F.R.DAY 74 Sebuka bulb 15-05-2015 
F.R.DAY 75 Inguba root 15-05-2015 
F.R.DAY 76 Limi-lwenkomo leaves 15-05-2015 
F.R.DAY 77 Nkokomala whole plant 15-05-2015 
F.R.DAY 78 Muzathu root 15-05-2015 
F.R.DAY 99 No Record whole plant 23-06-2015 
W
inter 
F.R.DAY 100 Peli-ebomi root 23-06-2015 
F.R.DAY 101 No Record whole plant 23-06-2015 
F.R.DAY 102 umFanozacile whole plant 23-06-2015 
F.R.DAY 103 No Record bulb 23-06-2015 
F.R.DAY 104 unDwendweni corm 23-06-2015 
F.R.DAY 105 No Record bulb 23-06-2015 
F.R.DAY 106 uMathanjana corm 10-07-2015 
F.R.DAY 107 uMathithibala whole plant 10-07-2015 
F.R.DAY 108 uZeneke bulb 10-07-2015 
F.R.DAY 109 Mpendulo leaves 10-07-2015 
F.R.DAY 110 uBani bulb 10-07-2015 
 




Table 2.3: Primers used for PCR and cycle sequencing and their respective 
references. 
Primer name Sequence 5’-3’ Reference 
matK-KIM-3F CGTACAGTACTTTTGTGTTTACGAG Ki-Joong Kim, pers. comm. 
matK-KIM-1R ACCCAGTCCATCTGGAAATCTTGGTTC Ki-Joong Kim, pers. comm. 
matK-X-F TAATTTACGATCAATTCATTC Ford et al. (2009) 
matK-MALP-R ACAAGAAAGTCGAAGTAT Dunning and Savolainen (2010) 
matK-472-F CCCRTYCATCTGGAAATCTTGGTTC Yu et al. (2011) 
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3.1 Building a reference dataset 
A subset list containing 260 bulbous and perennial herbs that correspond to 201 
vernacular names was generated. Thirty-one (12%) records were updated to scientific 
names currently accepted by the APG IV classification system. Conservation statuses 
were also updated to reflect changes over the last 16 years.  
 
Using the subset list, both rbcLa and matK sequences were mined from GenBank and 
BOLD to construct a reference dataset. For matK, 182 sequences were retrieved 
representing 111 species from Williams’ checklist (Appendix B). For rbcLa, 193 
sequences, representing 76 species from the list were retrieved (Appendix A). 
Compiling a combined reference dataset requires merging rbcLa and matK sequences 
produced from the same voucher specimen. This was, however, not always possible 
and omission of samples that did not contain both sequences would have significantly 
reduced species coverage. Generally, rbcLa possesses low resolution due to 
insufficient nucleotide sequence variability to distinguish between closely related 
species (Newmaster et al., 2013). In contrast, matK is well known to be one of the 
fastest evolving regions and its ability to discriminate amongst angiosperms is high (Li 
et al., 2012). Subsequently, rbcLa was omitted as a potential barcode for further 
analysis in this study. 
 
The matK dataset varied between a minimum of one sequence per species to a 
maximum of five sequences per species. The average length of aligned sequences 
was 727 base pairs (bp) with a minimum sequence length of 447 bp and a maximum 
sequence length of 869 bp. When including genetic lookalikes, the reference dataset 
consisted of 355 sequences representing 18 families, 87 genera and 252 species 
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(Table 3.1; Appendix B). Genetic lookalikes accounted for 173 sequences. Voucher 
information and GenBank accession numbers are listed in Appendix B. Of the species 
in the dataset, 188 are represented by a single specimen (singletons). A sequence 
threshold of 500 bp was assigned as the minimum length for a DNA barcode. Only the 
sequence of one specimen, Portulaca oleracea L. (Accession No. HM851013) was 
found to be shorter than the threshold with 458 bp. 
 
3.2 Market sampling  
The initial sampling strategy entailed using the vernacular names from the subset list 
(Table 2.1) to collect plant samples from the market. However, due to the volatile 
nature of changing vernacular names assigned to plants and because some listed 
vernacular names were found to refer to bark material, chopped plant mixtures and 
fine powders, the sampling strategy was adjusted. Any bulb, shrub-like herbs, leaves 
and roots were collected and the vernacular names were then recored. A total of sixty 
samples were collected from the FTM market (Table 3.2). The vernacular names were 
used to assigned each sample to a scientific name previously proposed by Williams 
(2003). The vernacular names for 19 (32%) samples had not been previously assigned 
to any bulbous and perennial species. For the purpose of this study, these vernacular 
names are regarded as new records. Of these, eight are traded as wholeplants, four 
as bulbs, three as root specimens, two as leaves and two as corms. The vernacular 
names of 41 (68%) samples were assigned proposed scientific names.  Of these, 11 
were traded as bulbs, 12 as whole plants, seven as root specimens, another seven as 
leaves and four as corms. The collected specimens originate from 18 plant families, 
34 genera and 28 species. This highlights the variety of the species traded at the FTM 
market. The samples were collected over three South African seasons (Table 2.2). 
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Twenty-two samples were collected in summer, 26 in autumn and 12 in winter. 
 
3.3 PCR and sequencing success  
Total DNA of all 60 plant samples collected were successfully extracted. PCR 
amplification using the listed matK primers (Table 3.3) was successful for 52 reactions 
(87%) with eight market samples failing to yield PCR products. Cycle sequencing was 
successful for 41 (68%) samples. Of the failed sequences, eleven yielded no cycle 
sequencing products and the other five samples (Faraday 19, 21, 48, 74 and 76) had 
successfully generated bidirectional sequences but could not be assembled using the 
default minimum match percentage. The matK-Kim F/R primer pair was the most 
effective yielding the highest rate of sequencing success. Samples that failed to yield 
products during the DNA extraction, amplification or sequencing steps were labelled 
“No sequence” and omitted from further analyses. 
 
3.4 Data analyses results 
3.4.1 Similarity method results 
All market samples were queried against the reference library and the resulting 
indentifications are listed in Table 3.4. Of the 41 successfully sequenced market 
samples, 38 (93%) were identified to species level and three (7%) were ambiguous. 
Faraday 77 was ambiguous as the query equally matched Chrysocoma ciliata L. and 
Felicia muricata (Thunb.) Nees. Faraday 43 and 45 could only be resolved to genus 
level. The two queries both returned three equally high-scoring hits in the genus 
Gerbera.  
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3.4.2 Tree-based method results 
The MP tree had a total of 1,138 characters (including gaps) of equal weight, 349 
(31%) were constant and 38 (3%) variable sites were uninformative. The MP analysis 
yielded 751 (66%) potentially informative characters from 2,936 steps with a 
Consistency Index (CI) of 0.52 and a Retention Index (RI) of 0.96 (Table 3.5). The MP 
tree (Figure 3.1) follows the APG IV classification system with high support (Bootstrap 
Percentage; BP = 85-100%) for the monophyly of the families included in the dataset.  
 
Of the 41 sequenced samples, 16 (39%) were monocots and 25 (61%), eudicots 
(Table 3.6). Most of the monocots were representatives of the Asparagaceae family 
(15%) and most eudicots were from the Asteraceae family (20%). Twenty-nine market 
samples (71%) were resolved to species level and 12 (29%) to genus level. For the 
29 resolved samples, 15 (52%) were strongly supported (BP above 85), three (10%) 
were moderately supported (BP: 75 £ 84) and 11 (38%) weakly supported (BP: 50 £ 
74). 
 
3.4.3 Character-based method results 
BRONX analysis was used because of its ability to score invariant flanking regions. It 
therefore performs better when flawed overlaps (such as incomplete sequence 
fragments and mini-barcodes) are queried (Little, 2011). Using this method, all 41 
successfully sequenced samples were identified to genus level (Table 3.7). Ten of the 
twelve samples that could only be identified to genus level in the MP tree were 
resolved to species level. Faraday 43 and 45, both from the genus Gerbera, remained 
unresolved to species level. Overall, thirty-nine (95%) samples were resovled to 
species level using BRONX (Table 3.4). 
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The final identification of each of query samples and how they compare to the 
proposed scientific names from the subset list (Table 2.1) are presented in Table 3.8. 
Five (12%) samples corresponed to species level with the proposed scientific names 
and 11 (27%) samples correspond to a genus level. Fourteen samples (34%) were 
identified to belong to different species than those recorded on the subset list but share 
the same vernacular name and eleven (27%) previously undocumented samples have 
been recorded. 
 
3.6 Conservation status 
The conservation status of each of the market samples identified to species level was 
assessed and are listed in Table 3.9. Most of the samples (77%) are of LC, 13% are 
Not Evaluated (NE) and 6% of the samples (Crocosmia mathewsiana (L. Bolus) 
Goldblatt ex M.P.de Vos and Ruschianthus falcatus (L. Bolus) are listed as VU. Clivia 
caulescens R.A. Dyer was found to be NT (2%) and M. flabellifolia is Data Deficient 
(DDT; 2%). 
 
Examples of samples collected at the market include: Drimia delagoensis (LC) and C. 
caulescens (NT), which are protected medicinal plant species under SA’s National 
Environmental Management: Biodiversity Act, 2004 (Act No. 10 of 2004) (NEMBA), 
therefore prohibits the possession or trade in these plants without a permit. Also, 
Aristaloe aristata (Haw.) Boatwr. & J.C. Manning (LC) is protected by Appendix II of 
the Convention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES), which advocates the controlled trade of species to avoid unsustainable use. 
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Table 3.1: Number of taxa, genera and species per family in the reference database. 
Data bars illustrate proportional representation of families. 
Family Number of taxa Number of genera Number of species
Aizoaceae 35 11 30
Amaryllidaceae 43 6 25
Apiaceae 17 5 9
Apocynaceae 32 14 24
Araceae 8 5 5
Asparagaceae 38 3 32
Asphodelaceae 21 6 14
Asteraceae 52 13 42
Caryophyllaceae 9 1 7
Cucurbitaceae 8 1 5
Dipsacaceae 9 2 4
Fabaceae 12 5 12
Gunneraceae 5 1 3
Iridaceae 29 8 26
Myrothamnaceae 4 1 2
Portulacaceae 14 1 5
Rubiaceae 12 3 5
Velloziaceae 7 1 2
TOTAL 355 87 252
Please note per family: 
Blue Data bars represent ‘Number of taxa’ were 52 the highest and 4 is the lowest 
Green Data bars represent ‘Number of genera’ were 14 the highest and 1 is the lowest 
Yellow Data bars represent ‘Number of species were 42 the highest and 2 is the lowest 
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Table 3.2 List of the plant samples collected at the market, their vernacular and proposed scientific names along with the plant part 
traded. Vernacular names are in Zulu unless where marked (So) then Sotho names were used. 
Voucher no. Vernacular name Plant part sold Plant part expected Proposed scientific names APG IV Family 
F.R.DAY 1 uVuka  whole plant leaves Myrothamnus flabellifolia Myrothamnaceae 
F.R.DAY 2 iHlungunyembe leaves leaves Acokanthera oppositifolia Apocynaceae 
F.R.DAY 3 Kushisa Izwe  whole plant ? ? ? 
F.R.DAY 4 uMbola Webesuthu  bulb bulb Eucomis sp. Asparagaceae 
F.R.DAY 5 uMbola bulb bulb Eucomis bicolor Asparagaceae 
F.R.DAY 6 Ndongwana-zibomvana  bulb bulb Drimia elata Asparagaceae 
F.R.DAY 7 Mayime Itelezi  whole plant whole plant Clivia sp. Amaryllidaceae 
F.R.DAY 8 umWelela  bulb bulb Tulbaghia sp. Amaryllidaceae 
F.R.DAY 9 Bheka-mina  whole plant whole plant Afrosciadium magalismontanum Apiaceae 
F.R.DAY 10 uJanibeswe whole plant whole plant Dianthus mooiensis Caryophyllaceae 
F.R.DAY 11 Inkomba corm ? ? ? 
F.R.DAY 12 Icino bulb ? ? ? 
F.R.DAY 13 Bohlololo whole plant whole plant Mesembryanthemum cordifolium Aizoaceae 
F.R.DAY 14 Phunyuka root root Talinum caffrum Talinaceae 
F.R.DAY 15 iSkanama bulb bulb Drimia sanguinea Asparagaceae 
F.R.DAY 16 Mababaza bulb bulb Albuca bracteata Asparagaceae 
F.R.DAY 17 unDwedweni  corm bulb Gladiolus sp. Iridaceae 
F.R.DAY 18 Mavumbuka root root Sarcophyte sanguinea  Hydnoraceae 
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F.R.DAY 19 Inguduza whole plant bulb Merwilla plumbea Asparagaceae 
F.R.DAY 20 uMabelejongosi corm root Eulophia cucullata Orchidaceae 
F.R.DAY 21 iSkanama (white) 'selumayo'  bulb bulb Drimia sp. Asparagaceae 
F.R.DAY 22 Mayisaka (red)  root root Thesium pallidum Santalaceae 
F.R.DAY 38 Dzekani whole plant ? ? ? 
F.R.DAY 39 Woza woza root leaves Cymbopogon sp. Poaceae 
F.R.DAY 40 Phophoma root whole plant Secamone gerrardii Apocynaceae 
F.R.DAY 41 Payabashimane root whole plant Aristea sp. Iridaceae 
F.R.DAY 42 iShaladilezinyoka whole plant bulb Tulbaghia sp. Amaryllidaceae 
F.R.DAY 43 Moyawezwe leaves root Gerbera piloselloides Asteraceae 
F.R.DAY 44 iMbozisa whole plant leaves Foeniculum vulgare Apiaceae 
F.R.DAY 45 iNcitho bulb bulb Boophone disticha Amaryllidaceae 
F.R.DAY 46 Tsikithlana (So) whole plant root Gazania krebsiana Asteraceae 
F.R.DAY 47 Phakisani whole plant ? ? ? 
F.R.DAY 48 eSlejani  leaves ? ? ? 
F.R.DAY 49 iNguboyemhlobo whole plant ? ? ? 
F.R.DAY 50 uNgqengendlela whole plant whole plant Polygala sp. Polygalaceae 
F.R.DAY 51 Mphepho  leaves leaves Helichrysum stenopterum Asteraceae 
F.R.DAY 52 Mothagefani corm ? ?  
F.R.DAY 53 Madhlozana  root leaves Turraea sp.  Meliaceae 
F.R.DAY 54 Ncino  bulb bulb Albuca setosa Asparagaceae 
F.R.DAY 55 Dimakhude whole plant ? ? ? 
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F.R.DAY 71 Maliliza leaves whole plant Ceropegia gigantea Apocynaceae 
F.R.DAY 72 Sweswe (So) leaves root Gazania sp. Asteraceae 
F.R.DAY 73 sThabamabonjwani  leaves ? ? ? 
F.R.DAY 74 Sebuka bulb ? ? ? 
F.R.DAY 75 Inguba root ? ? ? 
F.R.DAY 76 Limi-lwenkomo leaves whole plant Gerbera ambigua Asteraceae 
F.R.DAY 77 Nkokomala whole plant ? ? ? 
F.R.DAY 78 Muzathu root ? ? ? 
F.R.DAY 99 No Record whole plant ? ? ? 
F.R.DAY 100 Peli-ebomi root ? ? ? 
F.R.DAY 101 No Record whole plant ? ? ? 
F.R.DAY 102 umFanozacile whole plant root Kohautia amatymbica Rubiaceae 
F.R.DAY 103 No Record bulb ? ? ? 
F.R.DAY 104 unDwendweni corm bulb Gladiolus dalenii Iridaceae 
F.R.DAY 105 No Record bulb ? ? ? 
F.R.DAY 106 uMathanjana corm root Raphionacme sp. Apocynaceae 
F.R.DAY 107 uMathithibala whole plant whole plant Aristaloe aristata Asphodelaceae 
F.R.DAY 108 uZeneke bulb bulb Haemanthus sp. Amaryllidaceae 
F.R.DAY 109 Mpendulo leaves root Acalypha brachiata  Euphorbiaceae 
F.R.DAY 110 uBani bulb bulb Agapanthus africanus Amaryllidaceae 
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Table 3.3: PCR and cycle sequencing success for market samples using both the 
rbcLa and matK gene region. 
Barcoding region Primer used PCR success Sequencing success 
matK   87% 68% 
 matK-Kim F/R 45 36 
 matK-X-F/malp-R 2 0 
 matK-472-F/1248-R 5 5 
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Table 3.4: Species identification of market samples using BLAST against the reference dataset. Vernacular and putative scientific 
names are listed. Vernacular names are in Zulu unless where marked (So) then Sotho names were used. 
Voucher no. Vernacular name Proposed scientific name 
ID confirmed 
BLAST ID Bit score Similarity (%) 
F.R.DAY 1 uVuka Myrothamnus flabellifolia Myrothamnus flabellifolia 1358.41 99,7 
F.R.DAY 2 Nhlungunyembe Acokanthera oppositifolia Acokanthera oblongifolia 1328.86 100 
F.R.DAY 3 Kushisa Izwe ? Portulaca kermesina 1282.7 98,8 
F.R.DAY 4 uMbola Webesuthu Eucomis sp. Ledebouria cooperi 1391.65 99,75 
F.R.DAY 5 uMbola Eucomis bicolor Ledebouria cooperi 1347.33 99,5 
F.R.DAY 6 Ndongwana-zibomvana Drimia elata Drimia delagoensis 1303.01 100 
F.R.DAY 7 Mayime Itelezi Clivia sp. Clivia caulescens 1214.37 100 
F.R.DAY 8 umWelela Tulbaghia sp. Tulbaghia simmleri 1397.19 99,9 
F.R.DAY 9 Bheka-mina Afrosciadium magalismontanum Seseli montanum 1338.09 99,7 
F.R.DAY 10 uJanibeswe Dianthus mooiensis No Sequence 
F.R.DAY 11 Inkomba ? No Sequence 
F.R.DAY 12 Icino ? Albuca tenuifolia 1402.73 100 
F.R.DAY 13 Bohlololo Mesembryanthemum cordifolium Delosperma napiforme 1225.45 100 
F.R.DAY 14 Phunyuka Talinum caffrum No Sequence 
F.R.DAY 15 iSkanama Drimia sanguinea Kohautia cynanchica 1118.34 97,7 
F.R.DAY 16 Mababaza Albuca bracteata Albuca bracteata 1321.47 100 
F.R.DAY 17 unDwedweni Gladiolus sp. Crocosmia mathewsiana 1327.01 99,6 
CHAPTER THREE: RESULTS 
	 60	
F.R.DAY 18 Mavumbuka Sarcophyte sanguinea  No Sequence 
F.R.DAY 19 Inguduza Merwilla plumbea No Sequence 
F.R.DAY 20 uMabelejongosi Eulophia cucullata No Sequence 
F.R.DAY 21 iSkanama (white) 'selumayo' Drimia sp. No Sequence 
F.R.DAY 22 Mayisaka (red) Thesium pallidum No Sequence 
F.R.DAY 38 Dzekani ? No Sequence 
F.R.DAY 39 Woza woza Cymbopogan sp. Leobordea hirsuta 1321.47 99,9 
F.R.DAY 40 Phophoma Secamone gerrardii Silene nicaeensis 1155.28 99,4 
F.R.DAY 41 Bramashumani Aristea sp. Tulbaghia violacea 1216.22 97,9 
F.R.DAY 42 iShaladilezinyoka Tulbaghia sp. Dietes iridioides 1330.71 99,7 
F.R.DAY 43 Moyawezwe Gerbera piloselloides 
Gerbera aurantiaca 1315.93 99,6 
Gerbera ambigua 1315.93 99,6 
Gerbera galpinii 1315.93 99,6 
F.R.DAY 44 iMbozisa Foeniculum vulgare Foeniculum vulgare 1317.78 100 
F.R.DAY 45 iNcitho Boophone disticha 
Gerbera aurantiaca 1338.09 100 
Gerbera ambigua 1338.09 100 
Gerbera galpinii 1338.09 100 
F.R.DAY 46 Tsikithlana (So) Gazania krebsiana Gorteria diffusa 1230.99 98 
F.R.DAY 47 Phakisani ? Gorteria diffusa 1218.06 98,2 
F.R.DAY 48 eSlejani ? No Sequence 
F.R.DAY 49 iNguboyemhlobo ? Helichrysum litorale 1170.05 99,8 
F.R.DAY 50 uNgqengendlela Polygala sp. No Sequence 
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F.R.DAY 51 Mphepho Helichrysum stenopterum Helichrysum petiolare 1373.18 99,8 
F.R.DAY 52 Mothagefani Gerrardanthus macrorhizus Coccinia rehmannii 1103.57 100 
F.R.DAY 53 Madhlozana Turraea floribunda Scabiosa columbaria 1332.55 99,9 
F.R.DAY 54 Ncino  Albuca setosa Albuca kirkii 1650.18 100 
F.R.DAY 55 Dimakhude ? Zamioculcas zamiifola 1347.33 100 
F.R.DAY 71 Maliliza Ceropegia gigantea Stapelia gigantea 1319.63 99,67 
F.R.DAY 72 Sweswe (So) Gazania sp. No Sequence 
F.R.DAY 73 sThabamabonjwani ? Macledium zeyheri 911.52 99,08 
F.R.DAY 74 Sebuka ? No Sequence 
F.R.DAY 75 Inguba ? Gunnera perpensa 1310.39 99,9 
F.R.DAY 76 Limi-lwenkomo Gerbera ambigua No Sequence 
F.R.DAY 77 Nkokomala ? 
Chrysocoma ciliata 1262.38 99,9 
Felicia muricata 1262.38 99,9 
F.R.DAY 78 Muzathu ? Xerophyta retinervis 1280.85 99,9 
F.R.DAY 99 No Record ? Ruschianthus falcatus 1317.78 100 
F.R.DAY 100 Peli-ebomi ? No Sequence 
F.R.DAY 101 No Record ? Dinteranthus puberulus 1317.78 100 
F.R.DAY 102 umFanozacile Kohautia amatymbica Kohautia cynanchica 1240.22 98,6 
F.R.DAY 103 No Record ? No Sequence 
F.R.DAY 104 unDwendweni Gladiolus dalenii Gladiolus sericeovillosus 1330.71 100 
F.R.DAY 105 No Record ? No Sequence 
F.R.DAY 106 uMathanjana Raphionacme sp. Raphionacme galpinii 1312.24 99,9 
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F.R.DAY 107 uMathithibala Aristaloe aristata Aristaloe aristata 1153.43 100 
F.R.DAY 108 uZeneke Haemanthus sp. Haemanthus montanus 1297.47 100 
F.R.DAY 109 Mpendulo Acalypha brachiata  No Sequence 
F.R.DAY 110 uBani Agapanthus africanus No Sequence 
Please note: (?) marks vernacular names that are new to the subset list for Williams 
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Table 3.5: Summary of barcode statistics for the Maximum Parsimony tree-based 
analysis. 
Statistic MP analyses 
No. of taxa 398 
Aligned sequence length 1138 
Pairwise percentage identity 70.0% 
Identical sites 156 (14.0%) 
No. of constant characters 349 
No. of variable sites 38 
No. of parsimony informative sites 751 
No. of steps (Tree length) 2936 
CI 0.52 
RI 0.96 
Abbreviations: No. = number; CI = Consistency Index; RI = Retention Index 
 
Table 3.6: Number of query samples represented per family. Blue shading indicates 
family with the most samples. 
Family Samples per family Percentage (%) 
MONOCOTS: 16 39% 
Amaryllidaceae 4 10 
Araceae 1 2 
Asparagaceae 6 15 
Asphodelaceae 1 2 
Iridaceae 3 7 
Velloziaceae 1 2 
EUDICOTS: 25 61% 
Aizoaceae 3 7 
Apiaceae 2 5 
Apocynaceae 3 7 
Asteraceae 8 20 
Caryophyllaceae 1 2 
Cucurbitaceae 1 2 
Dipsacaceae 1 2 
Fabaceae 1 2 
Gunneraceae 1 2 
Myrothamnaceae 1 2 
Portulacaceae 1 2 
Rubiaceae 2 5 
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Figure 3.1: The most parsimonious tree obtained from MP analysis of the matK dataset. This tree indicates 
the ability for matK to discriminate query samples (marked in red). The values above the branches are MP 
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Table 3.7: Identifications assigned to market samples using the three analysis approaches – similarity based method, tree based 
method and character based method. 
Voucher no. Vernacular name Analysis method ID 
BLAST ID Tree ID BRONX ID 
F.R.DAY 1 uVuka Myrothamnus flabellifolia Myrothamnus flabellifolia Myrothamnus flabellifolia 
F.R.DAY 2 Nhlungunyembe Acokanthera oblongifolia Acokanthera sp. Acokanthera oblongifolia 
F.R.DAY 3 Kushisa Izwe Portulaca kermesina Portulaca quadrifida Portulaca kermesina 
F.R.DAY 4 uMbola Webesuthu Ledebouria cooperi Ledebouria cooperi Ledebouria cooperi 
F.R.DAY 5 uMbola Ledebouria cooperi Ledebouria cooperi Ledebouria cooperi 
F.R.DAY 6 Ndongwana-zibomvana Drimia delagoensis Drimia delagoensis Drimia delagoensis 
F.R.DAY 7 Mayime Itelezi Clivia caulescens Clivia caulescens Clivia caulescens 
F.R.DAY 8 umWelela Tulbaghia simmleri Tulbaghia simmleri Tulbaghia simmleri 
F.R.DAY 9 Bheka-mina Seseli montanum Seseli montanum Seseli montanum 
F.R.DAY 12 Icino Albuca tenuifolia Albuca tenuifolia Albuca tenuifolia 
F.R.DAY 13 Bohlololo Delosperma napiforme Delosperma napiforme Delosperma napiforme 
F.R.DAY 15 iSkanama Kohautia cynanchica Kohautia sp. Kohautia cynanchica 
F.R.DAY 16 Mababaza Albuca bracteata Albuca sp. Albuca bracteata 
F.R.DAY 17 unDwedweni Crocosmia mathewsiana Crocosmia mathewsiana Crocosmia mathewsiana 
F.R.DAY 39 Woza woza Leobordea hirsuta Leobordea sp. Leobordea hirsuta 
F.R.DAY 40 Phophoma Silene nicaeensis Silene nicaeensis Silene nicaeensis 
F.R.DAY 41 Bramashumani Tulbaghia violacea Tulbaghia violacea Tulbaghia violacea 
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F.R.DAY 42 iShaladilezinyoka Dietes iridioides Dietes iridioides Dietes iridioides 
F.R.DAY 43 Moyawezwe 
Gerbera aurantiaca 
Gerbera sp. Gerbera sp. Gerbera ambigua 
Gerbera galpinii 
F.R.DAY 44 iMbozisa Foeniculum vulgare Foeniculum vulgare Foeniculum vulgare 
F.R.DAY 45 iNcitho 
Gerbera aurantiaca 
Gerbera sp. Gerbera sp. Gerbera ambigua 
Gerbera galpinii 
F.R.DAY 46 Tsikithlana (So) Gorteria diffusa Gorteria sp. Gorteria diffusa 
F.R.DAY 47 Phakisani Gorteria diffusa Gorteria sp. Gorteria diffusa 
F.R.DAY 49 iNguboyemhlobo Helichrysum litorale Helichrysum litorale Helichrysum litorale 
F.R.DAY 51 Mphepho Helichrysum petiolare Helichrysum petiolare Helichrysum petiolare 
F.R.DAY 52 Mothagefani Coccinia rehmannii Coccinia rehmannii Coccinia rehmannii 
F.R.DAY 53 Madhlozana Scabiosa columbaria Scabiosa columbaria Scabiosa columbaria 
F.R.DAY 54 Ingcino Albuca kirkii Albuca sp. Albuca kirkii 
F.R.DAY 55 Dimakhude Zamioculcas zamiifola Zamioculcas zamiifola Zamioculcas zamiifola 
F.R.DAY 71 Maliliza Ceropegia gigantea Ceropegia gigantea Ceropegia gigantea 
F.R.DAY 73 sThabamabonjwani Macledium zeyheri Macledium zeyheri Macledium zeyheri 
F.R.DAY 75 Inguba Gunnera perpensa Gunnera perpensa Gunnera perpensa 
F.R.DAY 77 Nkokomala 
Chrysocoma ciliata 
Felicia muricata Felicia muricata 
Felicia muricata 
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F.R.DAY 78 Muzathu Xerophyta retinervis Xerophyta retinervis Xerophyta retinervis 
F.R.DAY 99 No Record Ruschianthus falcatus Ruschianthus falcatus Ruschianthus falcatus 
F.R.DAY 101 No Record Dinteranthus puberulus Ambiguous Dinteranthus puberulus 
F.R.DAY 102 umFanozacile Kohautia cynanchica Kohautia sp. Kohautia cynanchica 
F.R.DAY 104 unDwendweni Gladiolus sericeovillosus Gladiolus sp. Gladiolus sericeovillosus 
F.R.DAY 106 uMathanjana Raphionacme galpinii Raphionacme galpinii Raphionacme galpinii 
F.R.DAY 107 uMathithibala Aristaloe aristata Aristaloe aristata Aristaloe aristata 
F.R.DAY 108 uZeneke Haemanthus montanus Haemanthus montanus Haemanthus montanus 
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Table 3.8: Comparing market samples proposed scientific names from Williams (2003) checklist with final identifications from the 








to: Different corresponding 
scientific name 
Previously 




F.R.DAY 1 uVuka Myrothamnus flabellifolia X    
Myrothamnus 
flabellifolia 
F.R.DAY 2 Nhlungunyembe Acokanthera oppositifolia 		 X 		 		
Acokanthera 
oblongifolia 
F.R.DAY 3 Kushisa Izwe ?    X Portulaca kermesina 
F.R.DAY 4 uMbola Webesuthu Eucomis sp. 		 		 X 		 Ledebouria cooperi 
F.R.DAY 5 uMbola Eucomis bicolor   X  Ledebouria cooperi 
F.R.DAY 6 Ndongwana-zibomvana Drimia elata 		 X 		 		 Drimia delagoensis 
F.R.DAY 7 Mayime Itelezi Clivia sp.  X   Clivia caulescens 
F.R.DAY 8 umWelela Tulbaghia sp. 		 X 		 		 Tulbaghia simmleri 
F.R.DAY 9 Bheka-mina Afrosciadium magalismontanum   X  Seseli montanum 
F.R.DAY 12 Icino ? 		 		 		 X Albuca tenuifolia 
F.R.DAY 13 Bohlololo Mesembryanthemum cordifolium   X  Delosperma napiforme 
F.R.DAY 15 iSkanama Drimia sanguinea 		 		 X 		 Kohautia cynanchica 
F.R.DAY 16 Mababaza Albuca bracteata X    Albuca bracteata 
F.R.DAY 17 unDwedweni Gladiolus sp. 		 		 X 		 Crocosmia mathewsiana 
F.R.DAY 39 Woza woza Cymbopogan sp.   X  Leobordea hirsuta 
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F.R.DAY 40 Phophoma Secamone gerrardii     X   Silene nicaeensis 
F.R.DAY 41 Payabashimane Aristea sp.   X  Tulbaghia violacea 
F.R.DAY 42 iShaladilezinyoka Tulbaghia sp. 		 		 X 		 Dietes iridioides 
F.R.DAY 43 Moyawezwe Gerbera piloselloides  X   Gerbera sp. 
F.R.DAY 44 iMbozisa Foeniculum vulgare X 		 		 		 Foeniculum vulgare 
F.R.DAY 45 iNcitho Boophone disticha   X  Gerbera sp. 
F.R.DAY 46 Tsikithlana (So) Gazania krebsiana   		 X 		 Gorteria diffusa 
F.R.DAY	47	 Phakisani	 ?	 	   X	 Gorteria diffusa 
F.R.DAY 49 iNguboyemhlobo ? 		 		 		 X Helichrysum litorale 
F.R.DAY 51 Mphepho  Helichrysum stenopterum  X   Helichrysum petiolare 
F.R.DAY 52 Mothagefani Gerrardanthus macrorhizus 
		 		 X 		 Coccinia rehmannii 
F.R.DAY 53 Madhlozana  Turraea floribunda   X  Scabiosa columbaria 
F.R.DAY 54 Ncino  Albuca setosa 		 X   		 Albuca kirkii 
F.R.DAY 55 Dimakhude ?    X Zamioculcas zamiifola 
F.R.DAY 71 Maliliza Ceropegia gigantea X 		 		 		 Ceropegia gigantea 
F.R.DAY 73 sThabamabonjwani  ?   
 X Macledium zeyheri 
F.R.DAY 75 Inguba ? 		 		 		 X Gunnera perpensa 
F.R.DAY 77 Nkokomala ?    X Felicia muricata 
F.R.DAY 78 Muzathu ?       X Xerophyta retinervis 
F.R.DAY 99 No Record ?    X Ruschianthus falcatus 
F.R.DAY 101 No Record ?       X Dinteranthus puberulus 
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F.R.DAY 102 umFanozacile Kohautia amatymbica 
 X  
 
Kohautia cynanchica 
F.R.DAY 104 unDwendweni Gladiolus dalenii   X     Gladiolus sericeovillosus 
F.R.DAY 106 uMathanjana Raphionacme sp.  X   Raphionacme galpinii 
F.R.DAY 107 uMathithibala Aristaloe aristata X       Aristaloe aristata 
F.R.DAY 108 uZeneke Haemanthus sp. 		 X 		 		 Haemanthus montanus 
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Table 3.9: The conservation status of plants traded at the FTM market. 
Voucher 
no. Vernacular name 
ID confirmed Red List 
status Barcode identity APG IV Family 
F.R.DAY 1 uVuka  Myrothamnus flabellifolia Welw. Myrothamnaceae DDT 
F.R.DAY 2 Nhlungunyembe Acokanthera oblongifolia (Hochst.) Benth. & Hook.f. ex B.D.Jacks. Apocynaceae LC 
F.R.DAY 3 Kushisa Izwe  Portulaca kermesina N.E.Br. Portulacaceae LC 
F.R.DAY 4 uMbola Webesuthu  Ledebouria cooperi (Hook.f.) Jessop Asparagaceae LC 
F.R.DAY 5 uMbola Ledebouria cooperi (Hook.f.) Jessop Asparagaceae LC 
F.R.DAY 6 Ndongwana-zibomvana  Drimia delagoensis (Baker) Jessop Asparagaceae LC 
F.R.DAY 7 Mayime Itelezi  Clivia caulescens R.A.Dyer Amaryllidaceae NT 
F.R.DAY 8 umWelela  Tulbaghia simmleri Beauverd Amaryllidaceae LC 
F.R.DAY 9 Bheka-mina  Seseli montanum L. Apiaceae NE 
F.R.DAY 12 Icino Albuca tenuifolia Baker Asparagaceae LC 
F.R.DAY 13 Bohlololo Delosperma napiforme (N.E.Br) Schwantes Aizoaceae NE 
F.R.DAY 15 iSkanama Kohautia cynanchica DC. Rubiaceae LC 
F.R.DAY 16 Mababaza Albuca bracteata (Thunb.) J.C.Manning & Goldblatt Asparagaceae LC 
F.R.DAY 17 unDwedweni  Crocosmia mathewsiana Goldblatt ex M.P.de Vos Iridaceae VU 
F.R.DAY 39 Woza woza Leobordea hirsuta (Schinz) B.-E. van Wyk & Boatwr. Fabaceae LC 
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F.R.DAY 40 Phophoma Silene nicaeensis All. Caryophyllaceae NE 
F.R.DAY 41 Payabashimane Tulbaghia violacea Harv.  Amaryllidaceae LC 
F.R.DAY 42 iShaladilezinyoka Dietes iridioides (L.) Sweet ex Klatt Iridaceae LC 
F.R.DAY 43 Moyawezwe Gerbera sp. Asteraceae - 
F.R.DAY 44 iMbozisa Foeniculum vulgare Mill. Apiaceae NE 
F.R.DAY 45 iNcitho Gerbera sp. Asteraceae - 
F.R.DAY 46 Tsikithlana *Ss  Gorteria diffusa Thunb. Asteraceae LC 
F.R.DAY 47 Phakisani Gorteria diffusa Thunb. Asteraceae LC 
F.R.DAY 49 iNguboyemhlobo Helichrysum litorale Bolus Asteraceae LC 
F.R.DAY 51 Mphepho  Helichrysum petiolare Hilliard & B.L.Burtt Asteraceae LC 
F.R.DAY 52 Mothagefani Coccinia rehmannii Cogn. Cucurbitaceae LC 
F.R.DAY 53 Madhlozana  Scabiosa columbaria L. Caprifoliaceae LC 
F.R.DAY 54 Ingcino   Albuca kirkii (Baker) Brenan Asparagaceae NE 
F.R.DAY 55 Dimakhude Zamioculcas zamiifolia (Lodd.) Engl. Araceae LC 
F.R.DAY 71 Maliliza Stapelia gigantea N.E.Br. Apocynaceae LC 
F.R.DAY 73 sThabamabonjwani  Macledium zeyheri (Sond.) S.Ortiz Asteraceae LC 
F.R.DAY 75 Inguba Gunnera perpensa L. Gunneraceae LC 
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F.R.DAY 77 Nkokomala Felicia muricata (Thub.) Nees Asteraceae LC 
F.R.DAY 78 Muzathu Xerophyta retinervis Baker Velloziaceae LC 
F.R.DAY 99 No Record Ruschianthus falcatus L. Bolus Aizoaceae VU 
F.R.DAY 101 No Record Dinteranthus puberulus N.E.Br. Aizoaceae LC 
F.R.DAY 102 umFanozacile Kohautia cynanchica DC. Iridaceae LC 
F.R.DAY 104 unDwendweni Gladiolus sericeovillosus Hook.f. Iridaceae LC 
F.R.DAY 106 uMathanjana Raphionacme galpinii Schltr. Apocynaceae LC 
F.R.DAY 107 uMathithibala Aristaloe aristata (Haw.) Boatwr. & J.C. Manning Asphodelaceae LC 
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4.1 General discussion 
For generations, the knowledge of traditional medicine and its applications has been 
passed on through word of mouth. It is regarded as secret and only a select few are 
privileged to know and practise it. Scientific studies have allowed a gateway into 
understanding African traditional medicine. Nevertheless, very few plant species used 
as traditional medicine have been taxonomically and/or phytochemically studied 
(Gurib-Fakim and Kasilo, 2010). Yet, around 10% (2062) of SA’s indigenous plant 
species have recorded traditional medicinal uses (van Wyk, 2011; William et al., 2013) 
with 30% of these species being traded at the FTM in SA. The present study has 
utilised DNA barcoding as a tool for identifying market species (as most are traded 
lacking key characteristics for morphological identification) and to subsequently 
document accurately the diversity of indigenous bulbous and perennial plants traded 
at the FTM market. 
 
4.2 Traditional medicine reference dataset 
Ross et al. (2008) and Han et al. (2016) reported that at present many medicinal plant 
species are not well represented on GenBank and BOLDsystems. Furthermore, the 
representation of SA’s endemic plant species is much lower compared to many other 
countries, even though SA is the third most biologically diverse country in the world. 
This low number of indigenous plant species represented on GenBank and 
BOLDsystems may also be attributed to the fact that recently submitted barcodes may 
not have been made public yet as they still need to be taxonomically assessed (da 
Silva and Willows-Munro, 2016). 
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The Consortium for the Barcode of Life Plant Working Group recommends matK and 
rbcLa as ideal markers for standard plant barcodes (CBOL Plant Working Group, 
2009; de Vere et al., 2015). However, in this study, matK was chosen as the primary 
marker since it recovered more individual sequences than rbcLa when mining 
reference sequences from the subset list (Table 2.1).   
 
The matK reference dataset represents 111(43%) bulbous and perennial plant species 
recorded on the subset list. The dataset was improved by including genetic lookalikes, 
which increased the number of species in the reference dataset from 111 to 252. In 
total, 355 sequences were mined for the medicinal plant reference dataset. This 
provided the first step towards implementing DNA barcoding as a technique of 
identifying morphologically challenging specimens traded at the FTM market.  
 
4.3 Identification success 
The main aim of the study was to assign species names to unknown market samples. 
To achieve this, three approaches were used. 
 
The similarity method used local alignment to search for homologous sequences in 
the dataset to match to the market samples. The similarity score was used to indicate 
the likelihood of finding a match. The score of a query can be affected by the length of 
the sequence and its similarity to the query sample (Ratnasingham and Hebert, 2007; 
Munch et al., 2008). In this study, 93% of the market samples matched (had the 
highest similarity percentage and bit-score value) with a single species in the reference 
dataset. Differentiating between two closely related species can sometimes prove 
problematic using this method. If two sequences representing different closely related 
CHAPTER FOUR: DISCUSSION AND CONCLUSIONS 
	 80	
species are matched against a query whose length does not cover all the variable 
sites, both sequences become the best matched as they are equally similar to the 
query (Munch et al., 2008). This was the case with Faraday 43, 45 and 77. The species 
level identities of both Faraday 43 and 45 are ambiguous as they are best matched 
with three different Gerbera species. These are Gerbera aurantiaca Sch.Bip., Gerbera 
ambigua (Cass.) Sch.Bip. and Gerbera galpinii Klatt. Faraday 77 returned equally 
high-scored hits for Chrysocoma ciliata L. and Felicia muricata (Thunb.) Nees. 
 
The tree-based method makes use of clades to identify queries by grouping them with 
the best matched species. It employs parsimony searches using heuristic clustering 
after first aligning the query sequence with sequences in the reference dataset before 
searching for a topology. The MP tree resolved 71% of the market samples to species 
level as they formed monophyletic clades with their conspecific taxa. Most of the 
clades (52%) were highly supported with bootstrap values above 85%. Twelve query 
samples could not be identified to species level, for example Faraday 43 and 45 were 
found nested within the genus Gerbera. This genus is polyphyletic and forms a clade 
with Chaptalia Vent. (100 BP), which is in agreements with previous studies by Hansen 
(1990), Baird et al. (2010) and Manning et al. (2015).  
 
The character-based method is an analysis approach that omitted sequence 
alignment. It matched queries by comparing the amount of similar characters it shares 
with a reference sequence(s) (Little, 2011). This can leave room for bias as different 
reference sequences, independent of length, may contain the same amount of similar 
characters to the query. For example, Faraday 43, shared 668 similar characters with 
G. aurantiaca., G. ambigua and G. galpinii whilst Faraday 45 shared 712 characters 
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with the same reference sequences. 
 
Faraday 43 and 45, both from the genus Gerbera, could not be resolved to species 
level using the three identification methods. The genus was last revised in 1985 by 
Hansen, who stated that Gerbera species from Africa are very closely related and thus 
are more difficult to differentiate (Manning et al., 2015). This seems also to be the case 
using molecular methods. 
 
4.4 Medicinal plant conservation 
It is projected that one in five plant species in the world are threatened (Palhares et 
al., 2015) and that herbal markets may contributes to this because of over-harvesting 
practices (Taylor, 2008). The study objective was to compile a prioritised list assessing 
the conservation status of traded medicinal plants. 
 
Seventy-seven percent of plant species collected from the FTM market are listed as 
LC. The vernacular names correlating to these species are popular household names 
like ‘uMbola’ (Faraday 4), ‘Mababaza’ (Faraday 16) and ‘Mphepho’ (Faraday 51), 
which are mainly used to treat common aliments (Brendler and Van Wyk, 2008; 
Ndhlala et al., 2011). The conservation status of the indigenous plants assigned to 
these vernacular names have been previously assesed in ethnobotanical studies such 
as Cunningham (1990), Mander (1998) and Williams et al. (2000). Unfortunately, 
predicting the environmental impact caused by their trade has proven challenging as 
most plant materials are obtained from unmanaged habitats and numerous suppliers 
(WHO, 2003; Palhares et al., 2015). Furthermore, taboos, social restrictions and 
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religious beliefs associated with these vernacular names may have helped in ensuring 
that the assigned species remain carefully harvested in the wild (Cunningham, 1993). 
 
Plants like ‘Beka-Mina’ (Faraday 9) and ‘Woza-woza’ (Faraday 39) are popular 
choices in treating more sensational and risqué conditions (Hutchings et al., 1996). 
The chemical composition of these medicinal plants have not yet been studied and 
their use in traditional medicine remains ambiguous. Furthermore, the demand for 
traditional medicine used as good-luck charms, love potions and aphrodisiacs has 
increased due to the stresses associated with working in urban areas (Cunningham, 
1993; Ndhlala et al., 2011). Thus, the commercialisation of traditional medicine has 
resulted in more LC plant species being harvested to supply the growing demand in 
these areas. Easy accss to these plants has made ‘muthi’ seem like a common 
property resource rather than a sought after one that should only to be prescribed by 
specialist and traditional healers (Cunningham, 1993). Although most of the species 
collected at the FTM market are of LC, some are currently listed on national and 
international protected species lists such as NEM:BA and CITES. A major concern is 
that the continued trade and use of these medicinal plants will shift many species from 
low risk to high risk of extinction in the near future if no effective conservation 
measures are put in place. 
 
Thirteen percent of the species collected in this study are listed as NE. SANBI regards 
a species as NE when it does not qualify to be nationally assessed because the 
species is either a synonym, hybrid or a naturalised exotic (Raimondo et al., 2009).  
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Six percent of the market samples are listed as VU. Crocosmia mathewsiana (L.Bolus) 
Goldblatt ex M.P. de Vos (Faraday 17) is endemic to SA and threatened by alien 
invasives (Raimondo et al., 2009). According to Loots (2004), Ruschianthus falcatus 
L.Bolus (Faraday 99) is suspected to be threatenend by collection even though the 
location were it is distributed is fairly remote. 
 
Two percent of the samples are DDT and another two percent are NT. Clivia 
caulescens R.A. Dyer (Faraday 7) is NT because of its horticulcural and medicinal 
trade (Williams et al., 2007). According to Williams et al. (2008), there is increased 
pressure from traditional medicine traders to harvest the species. Large volumes of 
the Clivia population can be harvested simultaneously as traders do not distinguish 
between species. This places the entire genus at risk of overexploitation as the whole 
plant is sold, not leaving much to propagate in the wild. The popularity of Clivia at SA 
traditional markets and subsequent bulk harvesting has been acknowledged as a 
national threat to the genus (Williams et al., 2008). 
 
Furthermore, Johannesburg has developed into a cosmopolitan city that is home to 
many people from around the world who bring with them their respective influences, 
cultures and traditional medicines. Given the species specific nature of trading in 
medicinal plants, the introduction of alien species to the market is likely to be 
influenced by the need to adapt and cater to the growing demographic in the city. Also, 
the informal trade sector routes in Africa may promote the migration of sought after 
medicinal species across international bounders (Cunningham, 1993). For example, 
Foeniculum vulgare Mill. (Faraday 44) is classified as an alien perennial herb in SA. 
The species has recently seen an increase in distribution and has been flagged as a 
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potential invasive because of its impact on the environment (Henderson and Wilson, 
2017). Foeniculum vulgare is native to southern Europe, western Asia and north Africa 
and is traditionally used to treat gastrointestinal, respiratory and digestive disorders. It 
is also used as a carminative, diuretic and lactogogue (Castroviejo et al., 2013; Rather 
et al., 2012). When a species is alien and known for its anthropogenic value, its 
potential to become invasive increases since traders and consumers are more prone 
to propagate the species in order to continue using it locally.  
 
4.5 Taxonomic under-differentiation 
Taxonomic under-differentiation is the failure to distinguish between two closely 
related species (Kool et al., 2012). Thus, a single vernacular name can refer to multiple 
species. This is common amongst plant genera and families with a large local species 
diversity (Abraão et al., 2008). An example of under-differentiation is with 
‘unDwendweni’ (Faraday 104); it is believed to cure dysentery and barrenness in 
women when an extract made from a ‘string of corms grown together’ is taken 
(Hutchinings, 1989; Hutchings et al., 1996). When Faraday 104 was described 
morphologically, it was found to be from the Iridaceae family and its proposed scientific 
name was Gladiolus dalenii Van Geel; an evergreen perennial with scarlet orange to 
red flowers. It is non-endemic to SA and found distributed across the Eastern Cape, 
Free State, KwaZulu-Natal and Mphumalanga (Ngalo, 2011). The BLAST 
identification of the plant is, however, Gladiolus sericeovillosus Hook.f. Tree-based 
analysis supports it belonging to the genus Gladiolus L. as it falls within a highly 
supported monophyletic clade (BP = 100). There is, however, very little variation within 
the species, which only allows for genus level identification using this method. BRONX 
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analysis identified the query sample (Faraday 104) as G. sericeovillosus, a plant with 
pale green, cream or pink flowers and wholly white hairs and grows in grasslands from 
Eastern Cape to Limpopo (Pooley, 2003). The distribution of G. dalenii and G. 
sericeovillosus overlap across four provinces in SA and both plants are listed on the 
IUCN Red Data list as protected species (Lonmin, 2016). 
 
4.6 Taxonomic over-differentiation 
Taxonomic over-differentiation is when a single biological species is referred to by 
multiple ethnobotanical names. This is common amongst plants with high cultural 
value or plants that are cultivated (Abraão et al., 2008). For example, Tulbaghia 
simmleri Grey (Faraday 8) is referred to as ‘umWelela’ (Fig. 1.2 J) or ‘Bramashumani’, 
with the former vernacular name being the most common. ‘uVukwababa’, 
‘Vukwabafile’, ‘Vugamafile’, ‘Vukakwabafileyo’, ‘Umafavuke’ and ‘Umazifisi’ are all 
common names used to refer to Myrothamnus flabellifolia Welw. (Faraday 1; Figure 
1.2; Donda, 1997). The abbreviated vernacular name for this plant is ‘uVuka’, which 
when translated from Zulu means ‘wake up’. This name refers to the fact that M. 
flabellifolia is a resurrection plant and has the ability to survive in extremely dry areas 
by expelling all of its fluids and remaining dormant until conditions are more favourable 
(Moore et al., 2007). Also in this study, two samples of Ledebouria cooperi (Hook.f.) 
Jessop (Faraday 4 and 5) were bought on the market; one was traded as ‘uMbola’ and 
the other as ‘uMbolawebesuthu’. This interpretation by the traders might be due to the 
fact that the bulbs were at different growth stages and looked morphologically different. 
One bulb had white fleshy leaves and the other had dark purple fleshy leaves. The 
bulbs are believed to perform different traditional medicinal functions at different 
growth stages and are thus classed separately by herbalists. 
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The vernacular names ‘umlunge’ and ‘unDwendweni’ (Faraday 17 and 104) are used 
to refer to Crocosmia paniculata (Klatt) Goldblatt and Crocosmia mathewsiana 
(Table.2.1); the latter vernacular name being more common for these species. Both 
Crocosmia species are used to treat dysentery and infertility (Pooley, 2003). The 
plants are evergreen shrubs that grow in grasslands and forest margins and C. 
mathewsiana (VU) is endemic to SA with a limited distribution while C. paniculata (LC) 
is widespread and not endemic to SA. Taking into account their conservation status, 
the preferential use of C. paniculata is promoted by the Johannesburg City Parks and 
Zoo (2010) as a suitable and more sustainable substitute. 
 
4.7 Misidentification and adulteration 
The commercialisation of traditional medicine is spearheaded by the rapid 
urbanisation in SA (Saner, 2009). This in turn increases harvesting pressures and 
leads to the exploitation of certain medicinal plant species in the wild (Dold and Cocks, 
2002). It also encourages unwarranted species substitution when certain plants 
become rare in the wild. Knowing, which species are traded commercially is the first 
step towards knowing, which plants are threatened by such activities (Williams et al., 
2001). An example of possible adulteration is with ‘Mahlozana’ (Faraday 53), which 
was listed as Turraea floribunda Hochst. in a survey of species diversity of plants 
traded at Faraday (Williams, 2003). It is a medium-sized deciduous shrub with white 
to pale-green flowers that are borne in clusters and have ribbon-like petals. The roots 
and bark of these plants are used in traditional medicine to treat heart diseases, 
rheumatism and used as a laxative (Manning, 2015). Alternatively, it is used by 
traditional healers to induce a neurotic state during divination ceremonies. In the 
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current study, the DNA based identification of the plant (Faraday 53) was Scabiosa 
columbaria L., an evergreen perennial herb with a woody rootstock and leaves that 
are in a basal rosette with white to pink flowers (Pooley, 2003). Traditionally it is used 
to treat colic, infertility and menstrual pains (Naayane, 2015). These two plant species 
have no similar traditional medicinal uses but are traded under the same vernacular 
name. The substitution of T. floribunda for S. columbaria could be due to 
misidentification resulting from poorly trained medicinal plant traders (Street et al., 
2008). It could also be the result of deliberate adulteration because selling traditional 
medicinal plants is a primary source of income for most traders (Kool et al., 2012). 
Furthermore, financial pressures might encourage traders to substitute rare 
ingredients with cheaper alternatives (Srivastava et al., 2016). This level of 
substitution, deliberate or not, compromises the health, safety and security of the 
consumer in the long run (Street et al., 2008). 
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4.8 Conclusions 
DNA barcoding has been highlighted here as an essential tool for identifying medicinal 
species at the FTM market. This technique can be implemented in the field of 
biosecurity and medicinal plant trade. It only requires a small tissue sample from an 
organism in order to produce correct identification. This makes it an ideal tool for 
identifying fragments of plant parts traded at traditional markets since morphology 
based identification methods cannot be applied to identify powdered, crude or 
degraded plant material (Hao et al., 2010). In this study, DNA barcoding was able to 
accurately identify most (95%) medicinal plants to species level. Also, the ability for 
DNA barcoding to detect adulteration of botanical species makes it a vital tool in 
enabling environmental management inspectors to effectively perform their role in 
monitoring and enforcing compliance to the law. Furthermore, the rate of identifying 
threatened and protected species traded at the market could rapidly be improved if 
DNA barcoding is appropriately and routinely used for authenticating traded materials.  
 
In this current study, most of the traded samples are of LC. Their presence at the 
market is expected and the conservation status assigned to the species alludes that 
traditional healers may practise conservation methods to preserve certain species. 
However, eight percent of the samples collected from the market are at risk of 
extinction. Although the dominating threat to these species is possibly the 
unsustainable harvesting practises for medicinal trade, the study has highlighted that 
other environment factors, such as alien invasives, threaten SA’s traditional medicinal 
plants. Thus, monitoring the market can yield insights into how and why some alien 
species are introduced into SA. Understanding their medicinal value to SA consumers 
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and how often they are traded can assist with environmental impact and risk 
assessment studies. This will help with monitoring any potential invasives in future.  
 
In conclusion, it is an irrefutable fact that the majority of South African’s rely on the 
use of ‘muthi’ and routinely consult with traditional healers. The expansion of the 
traditional medicinal plant trade has a great impact on our biodiversity. It has become 
crucial to find sustainable conservation methods that serve our biodiversity and 
traditional health practises dually but the informal nature of trade at markets has made 
it challenging to implement any current government legislation. The market itself is 
organised and has a system of hierarchy (D.M. Lekganyane, pers. obs.). Thus in order 
to successfully implement any conservation legislation, the cooperation of government 
officials with traditional healers would be required. Knowing which plant species are 
traded can open up a window of opportunity to study the chemical composition and 
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Appendix A: List of DNA sequences mined from GenBank and BOLD for the rbcLa marker.  
Class APG IV Family Full botanical name Accession No. 
Acorales Acoraceae Acorus calamus L. FJ875010 
Acorales Acoraceae Acorus calamus L. FJ875011 
Acorales Acoraceae Acorus calamus L. FJ875012 
Acorales Acoraceae Acorus calamus L. GQ436696 
Acorales Acoraceae Acorus calamus L. FJ875015 
Acorales Acoraceae Acorus calamus L. FJ875016 
Acorales Acoraceae Acorus calamus L. FJ875013 
Acorales Acoraceae Acorus calamus L. FJ875014 
Acorales Acoraceae Acorus calamus L. M91625 
Acorales Acoraceae Acorus calamus L. D28865 
Acorales Acoraceae Acorus calamus L. AJ879453 
Acorales Acoraceae Acorus calamus L. JN090015 
Acorales Acoraceae Acorus calamus L. JN090016 
Acorales Acoraceae Acorus calamus L. JN090017 
Acorales Acoraceae Acorus calamus L. JN090018 
Acorales Acoraceae Acorus calamus L. JN090019 
Acorales Acoraceae Acorus calamus L. JN090020 
Acorales Acoraceae Acorus calamus L. JN090021 
Acorales Acoraceae Acorus calamus L. JN090022 
Acorales Acoraceae Acorus calamus L. NC_007407 
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Acorales Acoraceae Acorus calamus L. KF613093 
Acorales Acoraceae Acorus calamus L. KF613092 
Acorales Acoraceae Acorus calamus L. KJ667638 
Acorales Acoraceae Acorus calamus L. GQ248538 
Apiales Apiaceae Foeniculum vulgare Mill. HM850008 
Apiales Apiaceae Foeniculum vulgare Mill. GQ120445 
Apiales Apiaceae Foeniculum vulgare Mill. JN114805 
Apiales Apiaceae Foeniculum vulgare Mill. KF613031 
Asparagales Amaryllidaceae Agapanthus africanus Hoffmanns. AY465699 
Asparagales Amaryllidaceae Agapanthus africanus Hoffmanns. Z69221 
Asparagales Amaryllidaceae Agapanthus africanus Hoffmanns. JQ273888 
Asparagales Amaryllidaceae Agapanthus africanus Hoffmanns. HM640485 
Asparagales Amaryllidaceae Agapanthus campanulatus F.M.Leight. Z69220 
Asparagales Amaryllidaceae Agapanthus praecox Willd. HQ182414 
Asparagales Asparagaceae Albuca setosa Jaqu. AM902292 
Asparagales Asphodelaceae Aloe aristata Haw. AJ512319 
Asparagales Asphodelaceae Aloe aristata Haw. AY323634 
Asparagales Asphodelaceae Aloe suprafoliata Pole-Evans AY323638 
Asparagales Asparagaceae Asparagus africanus Lam. JQ014166 
Asparagales Asparagaceae Asparagus asparagoides Druce HM849796 
Asparagales Asparagaceae Asparagus asparagoides Druce JQ273905 
Asparagales Asparagaceae Asparagus setaceus (Kunth) Jessop HM849799 
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Asparagales Asparagaceae Bowiea volubilis Harv. ex Hook.f. HM640503 
Asparagales Asparagaceae Bowiea volubilis Harv. ex Hook.f. Z69237 
Asparagales Asparagaceae Bowiea volubilis Harv. ex Hook.f. JQ273913 
Asparagales Asparagaceae Bowiea volubilis Harv. ex Hook.f. JX090421 
Asparagales Asphodelaceae Bulbine frutescens Willd. AJ512323 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. L05032 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. KC704770 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. KC704771 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. KC704772 
Asparagales Amaryllidaceae Clivia nobilis Lindl. AF116950 
Asparagales Amaryllidaceae Clivia nobilis Lindl. JX903147 
Asparagales Asparagaceae Drimia elata Jacq. AM234987 
Asparagales Orchidaceae Eulophia R.Br. AF518028 
Asparagales Orchidaceae Eulophia R.Br. AF518027 
Asparagales Orchidaceae Eulophia R.Br. EU213468 
Asparagales Orchidaceae Eulophia streptopetala Lindl. AM235039 
Asparagales Amaryllidaceae Haemanthus albiflos Jacq. JX903153 
Asparagales Hypoxidaceae Hypoxis hemerocallidea Fisch.Mey. & Avé-Lall. HM640539 
Asparagales Asphodelaceae Kniphofia uvaria (L.) Oken AJ512330 
Asparagales Asphodelaceae Kniphofia uvaria (L.) Oken Z73689 
Asparagales Asparagaceae Ledebouria cooperi (Hook.f.) Jessop HM640508 
Asparagales Amaryllidaceae Scadoxus puniceus (L.) Friis & Nordal AM234808 
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Asparagales Amaryllidaceae Scadoxus puniceus (L.) Friis & Nordal JX903163 
Asparagales Amaryllidaceae Tulbaghia simmleri Beauverd JX903143 
Asparagales Amaryllidaceae Tulbaghia violacea Harv. Z69203 
Asparagales Amaryllidaceae Tulbaghia violacea Harv. JQ273898 
Asterales Asteraceae Acanthospermum hispidum DC. JQ933202 
Asterales Asteraceae Artemisia afra Jacq. ex Willd. AM234849 
Asterales Asteraceae Eclipta prostrata (L.) L. GQ436455 
Asterales Asteraceae Eclipta prostrata (L.) L. GQ436456 
Asterales Asteraceae Eclipta prostrata (L.) L. DQ006063 
Asterales Asteraceae Eclipta prostrata (L.) L. AY215108 
Asterales Asteraceae Eclipta prostrata (L.) L. JF950000 
Asterales Asteraceae Eclipta prostrata (L.) L. JQ933318 
Asterales Asteraceae Eclipta prostrata (L.) L. KJ512894 
Asterales Asteraceae Eclipta prostrata (L.) L. KJ512893 
Asterales Asteraceae Gerbera piloselloides Forssk. EU384975 
Asterales Asteraceae Helichrysum cymosum D.Don AM234877 
Asterales Asteraceae Pulicaria scabra Druce AM234906 
Caryophyllales Aizoaceae Mesembryanthemum cordifolium L.f. HM850174 
Caryophyllales Aizoaceae Mesembryanthemum cordifolium L.f. KF724210 
Caryophyllales Amaranthaceae Celosia trigyna L. HQ237459 
Caryophyllales Corbichoniaceae Corbichonia decumbens (Forssk.) Exell AF132096 
Caryophyllales Corbichoniaceae Corbichonia decumbens (Forssk.) Exell FN824475 
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Caryophyllales Corbichoniaceae Corbichonia decumbens (Forssk.) Exell KF724212 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. EU002283 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. M77701 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. Y16906 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. KF233550 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. KF233549 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. KF193871 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. KF233548 
Caryophyllales Plumbaginaceae Plumbago auriculata Lam. KF233547 
Commelinales Commelinaceae Commelina benghalensis L. L05033 
Cucurbitales Begoniaceae Begonia dregei Otto & Dietr. JN133365 
Cucurbitales Cucurbitaceae Cucumis hirsutus Sond. DQ535799 
Cucurbitales Cucurbitaceae Lagenaria sphaerica E.Mey. GQ248627 
Cucurbitales Cucurbitaceae Lagenaria sphaerica E.Mey. EF590539 
Cucurbitales Cucurbitaceae Momordica foetida Schum. DQ535829 
Cycadales Zamiaceae Stangeria eriopus (Kunze) Baill. AF394354 
Cycadales Zamiaceae Stangeria eriopus (Kunze) Baill. AF462415 
Cycadales Zamiaceae Stangeria eriopus (Kunze) Baill. DQ646007 
Cycadales Zamiaceae Stangeria eriopus (Kunze) Baill. JX416858 
Cycadales Zamiaceae Stangeria eriopus (Kunze) Baill. KF221192 
Dioscoreales Dioscoreaceae Dioscorea L. DQ408179 
Dioscoreales Dioscoreaceae Dioscorea L. JQ733763 
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Dioscoreales Dioscoreaceae Dioscorea L. JQ733769 
Dioscoreales Dioscoreaceae Dioscorea L. JQ733777 
Dioscoreales Dioscoreaceae Dioscorea L. JQ733803 
Dioscoreales Dioscoreaceae Dioscorea L. JQ733804 
Dioscoreales Dioscoreaceae Dioscorea L. JQ733808 
Dioscoreales Dioscoreaceae Dioscorea sylvatica Ecklon AF307462 
Dipsacales Caprifoliaceae Scabiosa columbaria L. AF446948 
Fabales Fabaceae Glycyrrhiza glabra L. Z70171 
Fabales Fabaceae Glycyrrhiza glabra L. AB045804 
Fabales Fabaceae Glycyrrhiza glabra L. AB012125 
Fabales Fabaceae Glycyrrhiza glabra L. JQ231004 
Fabales Polygalaceae Polygala fruticosa  P.J.Bergius AM234215 
Fabales Polygalaceae Polygala virgata Thub. AM234216 
Gentianales Apocynaceae Acokanthera oblongifolia (Hochst.) Benth. & Hook.fil. ex B.D.Jacks. X91758 
Gentianales Apocynaceae Acokanthera oblongifolia (Hochst.) Benth. & Hook.fil. ex B.D.Jacks. AM234828 
Gentianales Rubiaceae Pentanisia prunelloides Walp. AM117255 
Gentianales Apocynaceae Riocreuxia torulosa Decne. AM234841 
Gentianales Apocynaceae Xysmalobium undulatum (L.) Ait. AM234842 
Geraniales Geraniaceae Pelargonium luridum Sweet JQ479162 
Gunnerales Gunneraceae Gunnera perpensa L. AY008154 
Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. AF060707 
Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. EU213502 
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Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. EU213503 
Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. EU213501 
Lamiales Orobanchaceae Cycnium racemosum Benth. DQ017783 
Lamiales Orobanchaceae Cycnium racemosum Benth. AF026826 
Lamiales Orobanchaceae Graderia scabra Benth. AM235043 
Lamiales Lamiaceae Mentha aquatica L. HM850170 
Lamiales Lamiaceae Mentha aquatica L. FR720532 
Lamiales Lamiaceae Mentha aquatica L. FR720533 
Lamiales Lamiaceae Mentha aquatica L. GU344680 
Lamiales Lamiaceae Mentha aquatica L. KC584892 
Lamiales Lamiaceae Mentha aquatica L. KP172048 
Lamiales Orobanchaceae Striga elegans Benth. EU213519 
Lamiales Scrophulariaceae Teedia lucida Rudolphi AM235150 
Liliales Colchicaceae Gloriosa superba L. D28867 
Liliales Colchicaceae Gloriosa superba L. KF381117 
Liliales Colchicaceae Gloriosa superba L. KC899470 
Liliales Colchicaceae Gloriosa superba L. KC899471 
Lycopodiales Lycopodiaceae Lycopodium clavatum DQ026595 
Lycopodiales Lycopodiaceae Lycopodium clavatum AB574626 
Lycopodiales Lycopodiaceae Lycopodium clavatum Y07936 
Lycopodiales Lycopodiaceae Lycopodium clavatum KF977478 
Malpighiales Passifloraceae Adenia cissampeloides Harms AB536539 
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Malpighiales Passifloraceae Adenia digitata Engl. Z75687 
Malpighiales Euphorbiaceae Ricinus communis L.   HM850306 
Malpighiales Euphorbiaceae Ricinus communis L.   AY788188 
Malpighiales Euphorbiaceae Ricinus communis L.   GU135157 
Malpighiales Euphorbiaceae Ricinus communis L.   GU135207 
Malpighiales Euphorbiaceae Ricinus communis L.   AB233871 
Malpighiales Euphorbiaceae Ricinus communis L.   GU441774 
Malpighiales Euphorbiaceae Ricinus communis L.   AY794915 
Malpighiales Euphorbiaceae Ricinus communis L.   KF381098 
Malpighiales Euphorbiaceae Ricinus communis L.   NC_016736 
Malpighiales Passifloraceae Schlechterina mitostemmatoides Harms AB536565 
Malvales Thymelaeaceae Gnidia kraussiana Meisn. AJ295267 
Malvales Thymelaeaceae Gnidia L. AM397278 
Pandanales Velloziaceae Xerophyta retinervis Baker EU213530 
Pandanales Velloziaceae Xerophyta retinervis Baker EU213531 
Pandanales Velloziaceae Xerophyta retinervis Baker EU213532 
Poales Typhaceae Typha capensis (Rohrb.) N.E.Br. AM235159 
Polypodiales Dryopteridaceae Dryopteris inaequalis (Schlecht.) Kuntze JN189548 
Polypodiales Pteridaceae Pellaea calomelanos Link GU935497 
Polypodiales Pteridaceae Pellaea calomelanos Link JF935346 
Polypodiales Pteridaceae Pellaea calomelanos Link KF992508 
Rosales Rhamnaceae Helinus integrifolius Kuntze AJ390044 
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Rosales Rhamnaceae Helinus integrifolius Kuntze AJ390043 
Sapindales Rutaceae Agathosma ovata (Thunb.) Pillans AM235115 
Solanales Convolvulaceae Convolvulus sagittatus Thunb. AY100994 
Solanales Convolvulaceae Convolvulus sagittatus Thunb. KC529272 
Solanales Convolvulaceae Convolvulus sagittatus Thunb. KC529271 
Solanales Solanaceae Solanum mauritianum Scop. HM850366 
Solanales Convolvulaceae Turbina oblongata (E.Mey. ex Choisy) A.Meeuse AY100972 
Solanales Solanaceae Withania somnifera (L.) Dunal FJ914179 
Solanales Solanaceae Withania somnifera (L.) Dunal JN375998 
Solanales Solanaceae Withania somnifera (L.) Dunal JQ231003 
Solanales Solanaceae Withania somnifera (L.) Dunal JX996055 
Solanales Solanaceae Withania somnifera (L.) Dunal KM270535 
Solanales Solanaceae Withania somnifera (L.) Dunal KM270536 
Solanales Solanaceae Withania somnifera (L.) Dunal KM270537 
Solanales Solanaceae Withania somnifera (L.) Dunal KM270538 
Solanales Solanaceae Withania somnifera (L.) Dunal KM270540 
Solanales Solanaceae Withania somnifera (L.) Dunal KM270545 





Appendix B: Voucher specimen information and GenBank accession numbers for matK taxa used to generate the reference library. 
Class APG IV Family Full botanical name Distribution Accession No. 
Gentianales Rubiaceae Agathisanthemum bojeri Klotzsch NW, GAU, LIM, MP, KZN SAFH810 
Gentianales Rubiaceae Agathisanthemum bojeri Klotzsch NW, GAU, LIM, MP, KZN SAFH974 
Gentianales Rubiaceae Kohautia cynanchica DC. WC, NC, FS, NW, GAU, LIM, MP TSA295 
Gentianales Rubiaceae Hedyotis communis W.C.Ko China JX111057 
Gentianales Rubiaceae Hedyotis philippensis Merr. ex C.B.Rob. Indonesia KP978753 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978707 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978720 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978725 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978732 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978740 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978741 
Gentianales Rubiaceae Hedyotis pulchella Stapf Malaysia KP978751 
Gentianales Apocynaceae Acokanthera oblongifolia (Hochst.) Benth. & Hook.f. ex B.D.Jacks. EC, KZN HQ384553 
Gentianales Apocynaceae Acokanthera oblongifolia (Hochst.) Benth. & Hook.f. ex B.D.Jacks. EC, KZN JX517911 
Gentianales Apocynaceae Acokanthera oppositifolia (Lam.) Codd EC, KZN, MP, LIM, NW JX517680 
Gentianales Apocynaceae Acokanthera oppositifolia (Lam.) Codd EC, KZN, MP, LIM, NW JF270622 
Gentianales Apocynaceae Carissa macrocarpa (Eckl.) A.DC. WC, EC, KZN DQ660505 
Gentianales Apocynaceae Carissa spinarum L. LIM DQ660506 
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Gentianales Apocynaceae Carissa spinarum L. LIM EF456372 
Gentianales Apocynaceae Mondia whitei (Hook.f.) Skeels KZN KU748168 
Gentianales Apocynaceae Mondia whitei (Hook.f.) Skeels KZN KU748170 
Gentianales Apocynaceae Mondia whitei (Hook.f.) Skeels KZN KU748171 
Gentianales Apocynaceae Raphionacme flanaganii Schltr. KZN EF456377 
Gentianales Apocynaceae Raphionacme galpinii Schltr. KZN, MP, LIM SAFH5856 
Gentianales Apocynaceae Raphionacme galpinii Schltr. KZN, MP, LIM APOSA276 
Gentianales Apocynaceae Sisyranthus trichostomus K. Schum. KZN KF539852 
Gentianales Apocynaceae Strophanthus petersianus Klotzsch KZN, LIM JF270950 
Gentianales Apocynaceae Strophanthus speciosus (Ward & Harv.) Reber EC, KZN, MP JX517730 
Gentianales Apocynaceae Ceropegia gigantea (N.E.Br.) Bruyns KZN, MP, LIM, GAU, NW JQ025000 
Gentianales Apocynaceae Craspidospermum verticillatum Bojer ex Decne.  Madagascar DQ837538 
Gentianales Apocynaceae Craspidospermum verticillatum Bojer ex Decne.  Madagascar DQ660513 
Gentianales Apocynaceae Cryptolepis delagoensis Schltr. KZN APOSA099 
Gentianales Apocynaceae Cryptolepis obtusa N.E.Br MP, LIM SAFH938 
Gentianales Apocynaceae Cryptolepis sinensis (Lour.) Merr. Taiwan EF456374 
Gentianales Apocynaceae Hemidesmus indicus (L.) R. Br. ex Schult. Sri Lanka KT279728 
Gentianales Apocynaceae Hoya odorata Schltr. Philippines HQ327554 
Gentianales Apocynaceae Hoya telosmoides Omlor Malaysia HQ327592 
Gentianales Apocynaceae Hoya wallichii (Wight) C.M. Burton Singapore HQ327569 
Gentianales Apocynaceae Marsdenia angolensis N.E.Br. Angola HQ327530 
Gentianales Apocynaceae Marsdenia engleriana W. Rothe Costa Rica JQ586772 
APPENDICES 
	 124	
Gentianales Apocynaceae Marsdenia engleriana W. Rothe Costa Rica JQ586773 
Gentianales Apocynaceae Melodinus cochinchinensis (Lour.) Merr. Thailand DQ660525 
Gentianales Apocynaceae Stomatostemma monteiroae (Oliv.) N.E.Br. KZN, MP, LIM, GAU, NW SAFH515 
Gentianales Apocynaceae Stomatostemma monteiroae (Oliv.) N.E.Br. KZN, MP, LIM, GAU, NW SAFH565 
Dipsacales Dipsacaceae Scabiosa columbaria L. South Africa JN894429 
Dipsacales Dipsacaceae Scabiosa columbaria L. South Africa JN894881 
Dipsacales Dipsacaceae Scabiosa columbaria L. South Africa KJ204535 
Dipsacales Dipsacaceae Dipsacus fullonum L. South Europe JN895239 
Dipsacales Dipsacaceae Dipsacus fullonum L. South Europe JN895390 
Dipsacales Dipsacaceae Dipsacus fullonum L. South Europe KJ204470 
Dipsacales Dipsacaceae Dipsacus pilosus L. South Europe JN894894 
Dipsacales Dipsacaceae Dipsacus pilosus L. South Europe JN894949 
Dipsacales Dipsacaceae Scabiosa atropurpurea L. Zimbabwe HM851088 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC JN894262 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC JN894229 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC JN894477 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC KP900773 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC KR011054 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC JQ412247 
Apiales Apiaceae Foeniculum vulgare Mill. WC, EC KP149520 
Apiales Apiaceae Heracleum candicans Wall. ex DC. China FJ986061 
Apiales Apiaceae Heracleum millefolium Diels China FJ986069 
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Apiales Apiaceae Ligusticum officinale (Makino) Kitag. America AB262551 
Apiales Apiaceae Ligusticum sinense Oliv. China AB262552 
Apiales Apiaceae Ligusticum tenuissimum (Nakai) Kitag. America KT963039 
Apiales Apiaceae Seseli mairei H. Wolff China KU853709 
Apiales Apiaceae Seseli mairei H. Wolff China KU853708 
Apiales Apiaceae Seseli montanum L. South Europe KM035851 
Apiales Apiaceae Silaum silaus (L.) Schinz & Thell. South Europe JN894498 
Apiales Apiaceae Silaum silaus (L.) Schinz & Thell. South Europe JN895440 
Asterales Asteraceae Gerbera ambigua (Cass.) Sch.Bip. EC, KZN, MP, GAU, NW SAFH7111 
Asterales Asteraceae Gerbera aurantiaca Sch.Bip. KZN, MP SAFH7110 
Asterales Asteraceae Gerbera cordata (Thunb.) Less. WC, EC KF989837 
Asterales Asteraceae Gerbera crocea (L.) Kuntze WC KF989838 
Asterales Asteraceae Gerbera galpinii Klatt MP SAFH7087 
Asterales Asteraceae Gerbera galpinii Klatt MP SAFH7128 
Asterales Asteraceae Gerbera jamesonii Bolus ex Hook.f. MP SAFH775 
Asterales Asteraceae Gerbera jamesonii Bolus ex Hook.f. MP SAFH744 
Asterales Asteraceae Gerbera piloselloides (L.) Cass. WC, EC, KZN, MP, LIM, GAU, FS EU385355 
Asterales Asteraceae Gerbera serrata (Thunb.) Druce WC EU385356 
Asterales Asteraceae Gorteria diffusa Thunb. NC, WC EU385360 
Asterales Asteraceae Helichrysum cymosum (L.) D.Don WC, EC JQ024967 
Asterales Asteraceae Helichrysum cymosum (L.) D.Don WC, EC SAFH2057 
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Asterales Asteraceae Helichrysum kraussii Sch.Bip. KZN, MP, LIM, NW, GAU SAFH626 
Asterales Asteraceae Helichrysum kraussii Sch.Bip. KZN, MP, LIM, NW, GAU SAFH4111 
Asterales Asteraceae Helichrysum litorale Bolus NC, WC, EC HM445638 
Asterales Asteraceae Helichrysum litorale Bolus NC, WC, EC SAFH3712 
Asterales Asteraceae Helichrysum nudifolium (L.) Less. South Africa SAFH745 
Asterales Asteraceae Helichrysum petiolare Hilliard & B.L.Burtt  WC, EC HM445631 
Asterales Asteraceae Helichrysum petiolare Hilliard & B.L.Burtt  WC, EC SAFH373 
Asterales Asteraceae Macledium spinosum (L.) S.Ortiz WC, EC KP110100 
Asterales Asteraceae Macledium zeyheri (Sond.) S.Ortiz KZN, MP, LIM, GAU, NW EU385375 
Asterales Asteraceae Oldenburgia grandis (Thunb.) Baill. EC EU385379 
Asterales Asteraceae Oldenburgia grandis (Thunb.) Baill. EC KF989908 
Asterales Asteraceae Arctotis adpressa DC. WC, NC, KZN KP109988 
Asterales Asteraceae Arctotis bellidifolia P.J.Bergius  WC JN837380 
Asterales Asteraceae Arctotis cuprea Jacq. WC, NC JN837381 
Asterales Asteraceae Arctotis fastuosa Jacq. NC, WC, FS JN837382 
Asterales Asteraceae Arctotis semipapposa (DC.) Beauverd  WC KP109989 
Asterales Asteraceae Brachyscome basaltica F.Muell. Australia AB436844 
Asterales Asteraceae Chaptalia chapadensis D.J.N.Hind South America KF989835 
Asterales Asteraceae Chaptalia cipoensis Roque South America KF989834 
Asterales Asteraceae Chaptalia integerrima (Vell.) Burkart  South America KF989836 
Asterales Asteraceae Chrysocoma cernua L. NC, WC KP110017 
Asterales Asteraceae Chrysocoma ciliata L. South Africa SAFH1821 
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Asterales Asteraceae Chrysocoma ciliata L. South Africa SAFH3727 
Asterales Asteraceae Dicoma anomala Sond. KZN, MP, LIM, GAU, NW KT345021 
Asterales Asteraceae Dicoma capensis Less. WC, NC, FS KF989911 
Asterales Asteraceae Felicia mossamedensis (Hiern) Mendonça KZN, MP, LIM, GAU SAFH879 
Asterales Asteraceae Felicia muricata (Thunb.) Nees South Africa, Namibia SAFH4029 
Asterales Asteraceae Helichrysum felinum Less. WC, EC KP110078 
Asterales Asteraceae Helichrysum italicum (Roth) G.Don South Europe HM445630 
Asterales Asteraceae Helichrysum pallasii (Spreng.) Ledeb. Turkey HM445634 
Asterales Asteraceae Helichrysum plicatum DC. Turkey HM445635 
Asterales Asteraceae Hoplophyllum spinosum DC. WC, NC JN837387 
Asterales Asteraceae Hoplophyllum spinosum DC. WC, NC KF989917 
Asterales Asteraceae Hoplophyllum spinosum DC. WC, NC EU385366 
Asterales Asteraceae Olearia canescens (Benth.) Hutch. Australia KC242413 
Asterales Asteraceae Olearia nernstii (F.Muell.) F.Muell. ex Benth. Australia KC242420 
Asterales Asteraceae Olearia phlogopappa (Labill.) DC. Australia KC242401 
Asterales Asteraceae Olearia pimeleoides (DC.) Benth. Australia AB196632 
Asterales Asteraceae Olearia quercifolia Sieber ex DC. Australia KC242411 
Caryophyllales Aizoaceae Carpobrotus deliciosus (L.Bolus) L.Bolus WC, EC AM0269 
Caryophyllales Aizoaceae Carpobrotus edulis (L.) N.E.Br. WC, EC JQ024942 
Caryophyllales Aizoaceae Carpobrotus_sp N/A SAFH2450 
Caryophyllales Aizoaceae Delosperma cooperi (Hook.f.) L.Bolus FS, GAU, KZN DQ855843 
Caryophyllales Aizoaceae Delosperma tradescantioides (P.J.Bergius) L.Bolus KZN  HQ620867 
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Caryophyllales Aizoaceae Delosperma tradescantioides (P.J.Bergius) L.Bolus KZN  KF132675 
Caryophyllales Aizoaceae Dinteranthus puberulus N.E.Br. NC KF132678 
Caryophyllales Aizoaceae Lampranthus bicolor N.E.Br. WC, EC KF132709 
Caryophyllales Aizoaceae Lampranthus blandus (Haw.) Schwantes EC FN597631 
Caryophyllales Aizoaceae Lampranthus tenuifolius N.E.Br. WC SDH084 
Caryophyllales Aizoaceae Mesembryanthemum barklyi N.E.Br. NC SAFH2201 
Caryophyllales Aizoaceae Mesembryanthemum crystallinum L. WC, NC, Namibia JQ412264 
Caryophyllales Aizoaceae Mesembryanthemum crystallinum L. WC, NC, Namibia HM850877 
Caryophyllales Aizoaceae Mesembryanthemum nodiflorum L. WC, NC, Namibia KP149527 
Caryophyllales Aizoaceae Ruschia aspera L.Bolus NC KP110142 
Caryophyllales Aizoaceae Ruschia cymbifolia L. Bolus EC SAFH1914 
Caryophyllales Aizoaceae Ruschia marianae (L.Bolus) Schwantes WC KF132748 
Caryophyllales Aizoaceae Ruschia rigens L.Bolus FS SAFH1915 
Caryophyllales Aizoaceae Ruschia schollii (Salm-Dyck) Schwantes WC AY042649 
Caryophyllales Aizoaceae Delosperma deilanthoides S.A.Hammer MP HQ620866 
Caryophyllales Aizoaceae Delosperma echinatum Schwantes WC, EC SAFH1913 
Caryophyllales Aizoaceae Delosperma herbeum (N.E.Br.) N.E.Br. GAU, FS, KZN SAFH3995 
Caryophyllales Aizoaceae Delosperma napiforme (N.E.Br.) Schwantes Madagascar JQ844150 
Caryophyllales Aizoaceae Delosperma napiforme (N.E.Br.) Schwantes Madagascar KF132673 
Caryophyllales Aizoaceae Drosanthemum schoenlandianum (Schltr) L.Bolus NC, WC KF132639 
Caryophyllales Aizoaceae Drosanthemum speciosum Schwantes WC KF132640 
Caryophyllales Aizoaceae Drosanthemum zygophylloides (L.Bolus) L.Bolus NC KF132641 
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Caryophyllales Aizoaceae Mestoklema arboriforme (Burch.) N.E.Br. NC, FS, EC, Namibia HQ620879 
Caryophyllales Aizoaceae Mestoklema arboriforme (Burch.) N.E.Br. NC, FS, EC, Namibia KF132718 
Caryophyllales Aizoaceae Ruschianthus falcatus L.Bolus NC, Namibia KF132758 
Caryophyllales Aizoaceae Stoeberia frutescens (L.Bolus) van Jaarsv. NC, Namibia SAFH2211 
Caryophyllales Aizoaceae Stoeberia utilis (L.Bolus) van Jaarsv. NC, FS JX518027 
Caryophyllales Aizoaceae Stoeberia_sp N/A SAFH1756 
Caryophyllales Aizoaceae Trichodiadema barbatum Schwantes WC, EC AY042666 
Caryophyllales Aizoaceae Trichodiadema densum Schwantes WC, NC HQ620893 
Caryophyllales Portulaceaea Portulaca kermesina N.E.Br. NC, FS, NW, LIM, MP, KZN, GAU SAFH712 
Caryophyllales Portulaceaea Portulaca kermesina N.E.Br. NC, FS, NW, LIM, MP, KZN, GAU SAFH895 
Caryophyllales Portulaceaea Portulaca kermesina N.E.Br. NC, FS, NW, LIM, MP, KZN, GAU SAFH1359 
Caryophyllales Portulaceaea Portulaca oleracea L. South Africa, Namibia HQ620836 
Caryophyllales Portulaceaea Portulaca oleracea L. South Africa, Namibia HM851013 
Caryophyllales Portulaceaea Portulaca oleracea L. South Africa, Namibia AY875349 
Caryophyllales Portulaceaea Portulaca oleracea L. South Africa, Namibia DQ855850 
Caryophyllales Portulaceaea Portulaca oleracea L. South Africa, Namibia GQ434149 
Caryophyllales Portulaceaea Portulaca oleracea L. South Africa, Namibia HQ593395 
Caryophyllales Portulaceaea Portulaca quadrifida L. NC, FS, NW, LIM, MP, KZN, GAU, EC KR734752 
Caryophyllales Portulaceaea Portulaca quadrifida L. NC, FS, NW, LIM, MP, KZN, GAU, EC KR734895 
Caryophyllales Portulaceaea Portulaca quadrifida L. NC, FS, NW, LIM, MP, KZN, GAU, EC KR734728 
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Caryophyllales Portulaceaea Portulaca bicolor F.Muell. Australia DQ855848 
Caryophyllales Portulaceaea Portulaca confertifolia Hauman South America HQ620887 
Caryophyllales Caryophyllaceae Silene bellidifolia Juss. ex Jacq. South Europe FJ589516 
Caryophyllales Caryophyllaceae Silene ciliata Pourr. Spain FJ589519 
Caryophyllales Caryophyllaceae Silene coronaria (Desr.) Clairv. ex Rchb. Sweden AY042612 
Caryophyllales Caryophyllaceae Silene gallica L. Australia JN895459 
Caryophyllales Caryophyllaceae Silene gallica L. Australia FJ589528 
Caryophyllales Caryophyllaceae Silene gallica L. Australia JN894574 
Caryophyllales Caryophyllaceae Silene imbricata Desf. Algeria FJ589532 
Caryophyllales Caryophyllaceae Silene niceensis All. Algeria, Tunisia FJ589545 
Caryophyllales Caryophyllaceae Silene succulenta Forssk. Tunisia FJ589562 
Curcurbitales Curcurbitaceae Coccinia rehmannii Cogn. EC, FS, KZN, MP, GAU, LIM, NC, NW HQ608262 
Curcurbitales Curcurbitaceae Coccinia rehmannii Cogn. EC, FS, KZN, MP, GAU, LIM, NC, NW DQ536652 
Curcurbitales Curcurbitaceae Coccinia rehmannii Cogn. EC, FS, KZN, MP, GAU, LIM, NC, NW HQ608261 
Curcurbitales Curcurbitaceae Coccinia barteri (Hook.f.) Keay West Africa HQ608241 
Curcurbitales Curcurbitaceae Coccinia microphylla Gilg Ethiopia, Tanzania HQ608254 
Curcurbitales Curcurbitaceae Coccinia microphylla Gilg Ethiopia, Tanzania HQ608255 
Curcurbitales Curcurbitaceae Coccinia mildbraedii Gilg ex Harms Tanzania HQ608257 
Curcurbitales Curcurbitaceae Coccinia trilobata (Cogn.) C.Jeffrey Tanzania, Kenya HQ608271 
Fabales Fabaceae Aspalathus linearis (Burm.f.) R.Dahlgren NC, WC JX517437 
Fabales Fabaceae Aspalathus vulnerans Thunb. NC, WC KP109997 
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Fabales Fabaceae Leobordea eriantha (Benth.) B.-E.van Wyk & Boatwr. LIM, GAU, MP, KZN, NW, FS KP230706 
Fabales Fabaceae Leobordea hirsuta (Schinz) B.-E.van Wyk & Boatwr. NC KP230728 
Fabales Fabaceae Aspalathus acuminata Lam. NC, WC FAUCT332 
Fabales Fabaceae Aspalathus decora R.Dahlgren WC KP109992 
Fabales Fabaceae Aspalathus pendula R.Dahlgren WC JX518088 
Fabales Fabaceae Aspalathus polycephala E.Mey. WC KP109993 
Fabales Fabaceae Aspalathus triquetra Thunb. NC, WC, EC KP109996 
Fabales Fabaceae Calobota cytisoides (Thunb.) Eckl. & Zeyh. WC KP110006 
Fabales Fabaceae Lebeckia sericea Thunb. NC GQ246144 
Fabales Fabaceae Wiborgia tetraptera E.Mey.  NC, WC KP110172 
Gunnerales Gunneraceae Gunnera perpensa L. WC, EC, KZN, MP, LIM, GAU AY042596 
Gunnerales Gunneraceae Gunnera manicata Linden ex Delchev. NW EU002179 
Gunnerales Gunneraceae Gunnera manicata Linden ex Delchev. NW KC737250 
Gunnerales Gunneraceae Gunnera tinctoria (Molina) Mirb. South America AM396506 
Gunnerales Gunneraceae Gunnera tinctoria (Molina) Mirb. South America HM850599 
Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. LIM, MP, GAU, KZN EU214274 
Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. LIM, MP, GAU, KZN JQ024976 
Gunnerales Myrothamnaceae Myrothamnus flabellifolia Welw. LIM, MP, GAU, KZN AM396507 
Gunnerales Myrothamnaceae Myrothamnus moschatus (Baill.) Baill. Madagascar AF542591 
Alismatales Araceae Zamioculcas zamiifolia (Lodd.) Engl. KZN AM920600 
Alismatales Araceae Callopsis volkensii Engl. Tanzania AM920595 
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Alismatales Araceae Cercestis mirabilis (N.E.Br.) Bogner Benin, Gabon, Cameroon AM920639 
Alismatales Araceae Cercestis mirabilis (N.E.Br.) Bogner Benin, Gabon, Cameroon EF173529 
Alismatales Araceae Gonatopus angustus N.E.Br. KZN, MP AF387430 
Alismatales Araceae Gonatopus angustus N.E.Br. KZN, MP AM920599 
Alismatales Araceae Montrichardia arborescens (L.) Schott South America AM920640 
Alismatales Araceae Montrichardia arborescens (L.) Schott South America KR270497 
Pandanales Velloziaceae Xerophyta elegans (Balf.) Baker KZN, MP FR832731 
Pandanales Velloziaceae Xerophyta elegans (Balf.) Baker KZN, MP JX286710 
Pandanales Velloziaceae Xerophyta retinervis Baker GAU, MP, LIM EU214302 
Pandanales Velloziaceae Xerophyta retinervis Baker GAU, MP, LIM JF270998 
Pandanales Velloziaceae Xerophyta retinervis Baker GAU, MP, LIM JQ025012 
Pandanales Velloziaceae Xerophyta retinervis Baker GAU, MP, LIM JQ025013 
Pandanales Velloziaceae Xerophyta retinervis Baker GAU, MP, LIM KT204806 
Asparagales Asphodeloideae Aloe ciliaris Haw. WC JQ024121 
Asparagales Asphodeloideae Aloe maculata All. WC, EC, FS KP072722 
Asparagales Asphodeloideae Aloe maculata All. WC, EC, FS KP072721 
Asparagales Asphodeloideae Aloe modesta Reynolds MP, KZN JX517902 
Asparagales Asphodeloideae Aristaloe aristata (Haw.) Boatwr. & J.C.Manning EC, FS, KZN JX518089 
Asparagales Asphodeloideae Aristaloe aristata (Haw.) Boatwr. & J.C.Manning EC, FS, KZN AJ511407 
Asparagales Asphodeloideae Aristaloe aristata (Haw.) Boatwr. & J.C.Manning EC, FS, KZN JQ024112 
Asparagales Asphodeloideae Gonialoe variegata (L.) Boatwr. & J.C.Manning NC, EC, WC, Namibia JQ024171 
Asparagales Asphodeloideae Haworthia kingiana Poelln. WC JQ024310 
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Asparagales Asphodeloideae Haworthia limifolia Marloth KZN, MP, Swaziland JQ024324 
Asparagales Asphodeloideae Haworthia marginata (Lam.) Stearn WC JQ024344 
Asparagales Asphodeloideae Haworthia minor (Aiton) Duval WC, EC JQ024357 
Asparagales Asphodeloideae Haworthia pumila (L.) Duval WC JQ024439 
Asparagales Asphodeloideae Haworthia pumila (L.) Duval WC JQ024438 
Asparagales Asphodeloideae Haworthiopsis fasciata (Willd.) G.D.Rowley WC, EC JQ024288 
Asparagales Asphodeloideae Haworthiopsis fasciata (Willd.) G.D.Rowley WC, EC JQ024289 
Asparagales Asphodeloideae Astroloba corrugata N.L.Mey. & Gideon F.Sm. WC JQ024173 
Asparagales Asphodeloideae Astroloba foliolosa (Haw.) Uitewaal WC, EC JQ024175 
Asparagales Asphodeloideae Astroloba foliolosa (Haw.) Uitewaal WC, EC JQ024174 
Asparagales Asphodeloideae Astroloba rubriflora (L.Bolus) Gideon F.Sm. & J.C.Manning WC JQ024177 
Asparagales Asphodeloideae Astroloba rubriflora (L.Bolus) Gideon F.Sm. & J.C.Manning WC JX903606 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038840 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038817 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038832 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038839 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038824 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038829 
Asparagales Amaryllidaceae Clivia caulescens R.A.Dyer LIM, MP, Swaziland KX038879 
Asparagales Amaryllidaceae Clivia gardenii Hook. KZN, MP, Swaziland KX038861 
Asparagales Amaryllidaceae Clivia gardenii Hook. KZN, MP, Swaziland KX038847 
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Asparagales Amaryllidaceae Clivia gardenii Hook. KZN, MP, Swaziland EU527796 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. EC, KZN, MP AB017278 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. EC, KZN, MP JX464549 
Asparagales Amaryllidaceae Clivia miniata (Lindl.) Verschaff. EC, KZN, MP KC704500 
Asparagales Amaryllidaceae Clivia mirabilis Rourke NC KX038866 
Asparagales Amaryllidaceae Clivia mirabilis Rourke NC KX038863 
Asparagales Amaryllidaceae Clivia nobilis Lindl. EC EU527799 
Asparagales Amaryllidaceae Clivia nobilis Lindl. EC JX464550 
Asparagales Amaryllidaceae Clivia robusta B.G.Murray & al. EC KX038852 
Asparagales Amaryllidaceae Clivia robusta B.G.Murray & al. EC KX038876 
Asparagales Amaryllidaceae Clivia robusta B.G.Murray & al. EC KX038833 
Asparagales Amaryllidaceae Haemanthus albiflos Jacq. EC, KZN, MP JX903563 
Asparagales Amaryllidaceae Haemanthus amarylloides Jacq. NC JX464554 
Asparagales Amaryllidaceae Haemanthus coccineus L.  NC, EC, Nambia JX464555 
Asparagales Amaryllidaceae Haemanthus deformis Hook.f. KZN JX464556 
Asparagales Amaryllidaceae Haemanthus humilis Jacq. NC, EC, FS, KZN, MP JX464557 
Asparagales Amaryllidaceae Haemanthus montanus Baker WC, FS, KZN JX464558 
Asparagales Amaryllidaceae Haemanthus sanguineus Jacq. WC, EC JX464559 
Asparagales Amaryllidaceae Scadoxus membranaceus (Baker) Friis & Nordal EC, KZN EU527848 
Asparagales Amaryllidaceae Scadoxus multiflorus (Martyn) Raf. WC, EC, KZN, MP JX464560 
Asparagales Amaryllidaceae Scadoxus puniceus (L.) Friis & Nordal WC, EC, KZN, MP JX903573 
Asparagales Amaryllidaceae Scadoxus puniceus (L.) Friis & Nordal WC, EC, KZN, MP JX464561 
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Asparagales Amaryllidaceae Tulbaghia simmleri Beauverd LIM, MP, EC LT718323 
Asparagales Amaryllidaceae Tulbaghia simmleri Beauverd LIM, MP, EC JX903554 
Asparagales Amaryllidaceae Tulbaghia violacea Harv. EC, FS, KZN HQ690722 
Asparagales Amaryllidaceae Tulbaghia violacea Harv. EC, FS, KZN JQ276393 
Asparagales Amaryllidaceae Leucocoryne coquimbensis F.Phil South America JQ435523 
Asparagales Amaryllidaceae Leucocoryne pauciflora Phil. South America JX903548 
Asparagales Amaryllidaceae Nothoscordum andicola Kunth South America HQ392956 
Asparagales Amaryllidaceae Nothoscordum bivalve (L.) Britton South America HQ392957 
Asparagales Amaryllidaceae Nothoscordum bivalve (L.) Britton South America JX903549 
Asparagales Amaryllidaceae Nothoscordum dialystemon (Guagl.) Crosa  South America JQ435522 
Asparagales Amaryllidaceae Nothoscordum nudicaule (Lehm.) Guagl. South America HQ392961 
Asparagales Amaryllidaceae Scadoxus cinnabarinus (Decne.) Friis & Nordal Benin, Gabon, Cameroon JQ276397 
Asparagales Asparagaceae Albuca acuminata Baker NC, EC, WC, Namibia AM902433 
Asparagales Asparagaceae Albuca bracteata (Thunb.) J.C.Manning & Goldblatt  WC, EC, KZN, MP AM902413 
Asparagales Asparagaceae Albuca bracteata (Thunb.) J.C.Manning & Goldblatt  WC, EC, KZN, MP JX903590 
Asparagales Asparagaceae Albuca kirkii (Baker) Brenan MP, LIM HQ180853 
Asparagales Asparagaceae Albuca kirkii (Baker) Brenan MP, LIM KX931448 
Asparagales Asparagaceae Albuca setosa Jacq. South Africa, Lesotho, Swaziland, Namibia AM902393 
Asparagales Asparagaceae Albuca virens (Lindl.) J.C.Manning & Goldblatt South Africa JQ276411 
Asparagales Asparagaceae Albuca virens (Lindl.) J.C.Manning & Goldblatt South Africa AM902426 
Asparagales Asparagaceae Drimia altissima (L.f.) Ker Gawl. LIM, MP,GAU, KZN, EC HM640623 
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Asparagales Asparagaceae Drimia altissima (L.f.) Ker Gawl. LIM, MP,GAU, KZN, EC HM640633 
Asparagales Asparagaceae Drimia anomala (Baker) Baker NC, EC, WC, KZN JX090343 
Asparagales Asparagaceae Drimia capensis (Burm.f.) Wijnands NC, EC, WC JX090345 
Asparagales Asparagaceae Drimia delagoensis (Baker) Jessop NW, MP, KZN JX090347 
Asparagales Asparagaceae Drimia elata Jacq. South Africa, Swaziland, Lesotho JX090349 
Asparagales Asparagaceae Drimia intricata (Baker) J.C.Manning & Goldblatt  Southern Africa JX090399 
Asparagales Asparagaceae Drimia namibensis (Oberm.) J.C.Manning & Goldblatt Namibia JX090355 
Asparagales Asparagaceae Drimia sphaerocephala Baker EC, KZN, MP, FS, Lesotho JX090357 
Asparagales Asparagaceae Ledebouria cooperi (Hook.f.) Jessop LIM, MP, KZN, FS, EC HM640626 
Asparagales Asparagaceae Ledebouria revoluta (L.f.) Jessop LIM, MP, KZN, FS, EC, WC JX903584 
Asparagales Asparagaceae Ledebouria revoluta (L.f.) Jessop LIM, MP, KZN, FS, EC, WC JX090377 
Asparagales Asparagaceae Ledebouria socialis (Baker) Jessop EC, KZN JX090378 
Asparagales Asparagaceae Albuca abyssinica Jacq. KZN, MP, LIM  AM902391 
Asparagales Asparagaceae Albuca amboensis (Schinz) Oberm. Namibia AM902392 
Asparagales Asparagaceae Albuca canadensis (L.) F.M.Leight. NC, EC, WC, Namibia AM902432 
Asparagales Asparagaceae Albuca clanwilliamae-gloria U.Müll.-Doblies WC JX090312 
Asparagales Asparagaceae Albuca concordiana Baker NC, WC AM902397 
Asparagales Asparagaceae Albuca consanguinea (Kunth) J.C.Manning & Goldblatt NC JX090313 
Asparagales Asparagaceae Albuca deserticola J.C.Manning & Goldblatt NC AM902412 
Asparagales Asparagaceae Albuca pendula B.Mathew Saudi Arabia JX090314 
Asparagales Asparagaceae Albuca secunda (Jacq.) J.C.Manning & Goldblatt NC, WC AM992674 
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Asparagales Asparagaceae Albuca semipedalis Baker FS JX090392 
Asparagales Asparagaceae Albuca suaveolens (Jacq.) J.C.Manning & Goldblatt NC, WC, Namibia AM902396 
Asparagales Asparagaceae Albuca tenuifolia Baker EC, FS AM902394 
Asparagales Asparagaceae Albuca tenuifolia Baker EC, FS JQ435548 
Asparagales Asparagaceae Albuca tortuosa Baker WC, NC, EC, FS AM902395 
Asparagales Asparagaceae Albuca unifolia (Retz.) J.C.Manning & Goldblatt NC, EC AM902419 
Asparagales Asparagaceae Ledebouria cordifolia (Baker) Stedje & Thulin Tanzania JQ276410 
Asparagales Asparagaceae Ledebouria nossibeensis (H.Perrier) J.C.Manning & Goldblatt Madagascar JX090376 
Asparagales Iridaceae Crocosmia mathewsiana (L.Bolus) Goldblatt ex M.P.de Vos KZN, MP AJ580609 
Asparagales Iridaceae Dietes iridioides (L.) Sweet ex Klatt WC, EC, KZN, MP, LIM KP089640 
Asparagales Iridaceae Gladiolus dalenii Van Geel WC, EC, KZN, FS, MP, NW, GAU HQ394290 
Asparagales Iridaceae Gladiolus sericeovillosus Hook. KZN, MP, LIM, GAU HQ394372 
Asparagales Iridaceae Moraea simplex Goldblatt & J.C.Manning WC AM889728 
Asparagales Iridaceae Moraea simplex Goldblatt & J.C.Manning WC GQ248161 
Asparagales Iridaceae Babiana ecklonii Klatt NC, WC GQ925458 
Asparagales Iridaceae Babiana engysiphon J.C.Manning & Goldblatt NC, WC, FS GQ925459 
Asparagales Iridaceae Babiana noctiflora J.C.Manning & Goldblatt WC GQ925469 
Asparagales Iridaceae Babiana petiolata Goldblatt & J.C.Manning WC GQ925471 
Asparagales Iridaceae Babiana secunda (Thunb.) Ker Gawl. WC GQ925474 
Asparagales Iridaceae Babiana villosa (Aiton) Ker Gawl. NC, WC GQ381385 
Asparagales Iridaceae Devia xeromorpha Goldblatt & J.C.Manning NC AJ580612 
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Asparagales Iridaceae Dietes robinsoniana (F.Muell.) Klatt Australia AJ580614 
Asparagales Iridaceae Dietes robinsoniana (F.Muell.) Klatt Australia HM574665 
Asparagales Iridaceae Dietes robinsoniana (F.Muell.) Klatt Australia JQ670454 
Asparagales Iridaceae Freesia alba (G.L.Mey.) Gumbl. WC AJ579952 
Asparagales Iridaceae Gladiolus anatolicus (Boiss.) Stapf  Greece, Turkey HQ394262 
Asparagales Iridaceae Gladiolus carneus F.Delaroche WC, EC, FS HM850488 
Asparagales Iridaceae Gladiolus caucasicus Herb. Russia AY596622 
Asparagales Iridaceae Gladiolus ecklonii Lehm. EC, FS, KZN, MP, GAU, LIM HQ394296 
Asparagales Iridaceae Gladiolus hollandii L.Bolus EC, MP HQ394316 
Asparagales Iridaceae Gladiolus illyricus W.D.J.Koch South Europe JX903627 
Asparagales Iridaceae Gladiolus papilio Hook.f. EC, FS, KZN, GAU, LIM, MP, LIM AJ579956 
Asparagales Iridaceae Gladiolus saundersii Hook.f. FS, KZN, EC HQ394370 
Asparagales Iridaceae Gladiolus vinosomaculatus Kies MP, GAU HQ394392 
Asparagales Iridaceae Iris domestica (L.) Goldblatt & Mabb. LIM JF972931 
Asparagales Iridaceae Iris setosa Pall. ex Link Alaska KC704586 
Asparagales Iridaceae Iris tectorum Maxim. China KC510985 
All South African provinces have been abbreviated as follows: Limpopo = LIM, Gauteng = GAU, Mpumalanga = MP, North West = NW, KwaZulu-Natal 
= KZN, Free State = FS, Northern Cape = NC, Western Cape = WC and Eastern Cape = EC. 
